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BepatitU C virus (HCV) f protein is a uwb diswv««J HCV gene product that is e^rwsed by translation*! 
ri^Sfr»mesliift. little istnown about tn« biologic*! parties of this protein. By Pfrtwmliig pulw-cbase 
{K*S»ei« S , d«*«i*nrt* oc« tbat the F protein is * labile P nrt*m with » balf-We of <ltt mm in 
Huh7b«:i>awma cells and U» vitro. Toe half-lift of rt« F prowln could be substantially increased by protean* 
Sw^su^« ^Mb« rapid dqswdatiim of fee F protein is median* by the Prutc.sow p**v»y. 
S^immiSumwice wining and Hipcellnhr fractionation «^ritn«nt* nnM »»* «t F pro»ria U 
Srir^TSed^totbe endoplasmic mlculiun. This subcellular iftcnination is snnttar *o Jfco* of HCV 
^"d!«^™«ins. raisins (be possibility that »be F protein nw> participate in HCV morphogenesis or 
replication- 



Hepatitis C vims (HCV) can cause sever* liver diseases, 
including hepantb, liver cirrhosis, and hepattcelhrtar carci- 
noma. This virus belongs to the ftVivirus jfcimiry w4tma 
rxwiwe-stranded RNA genome of ca- 9.6 kb. The genome of 
this virus contains a long open reading frame, which codes for 
a polyprotcin with a length of slightly more than 3,000 amino 
acids (2), Tte polyprotcin is cleaved by cellular and viral 
proteases to generate 10 viral gene products: core, £2, 
NS2, NS3, NS4A, NS4B, NS5A, and NS5& The core protein is 
the viral capsid protein with a length of 191 amino acids (p2lc). 
It can be further cleaved to generate a smaller 179-amino-acid 
cow protein (pl9c) (15). £1 and E2 are the two viral envelope 
prutejns, p7 contains two transmembrane domains (4), and 
NS2 likely contains at least four transmembrane domains (29). 
The functions of these two proteins are not dear, NS3 is a 
protease and a beJicase. NS4A is a oomctor for the NS3 pro- 
tease, and NS5B is the viral RNA polymerase. The functions of 
NS43 and NS5A are not totally clear, but they arc likely in- 
volved in viral RNA replication and pathogenesis. All of these 
HCV proteins are believed to form replication complexes on 
intracellular membranes for either viral morphogenesis or 
RNA replication (7, 16, 23). Ute translation of the tiCV 
polyprotcin sequence is mediated by an internal ribosomal 
entry site* which comprises most of the S'-noncoding region 
and the first few cations of the palyprotein coding sequence 
(17). 

In addition to the above 10 gene products, a new HCV 
protein named f protein was also recently reported (24, 25, 
28), This protein is apparently expressed during natural HCV 
infection, since its reactive antibodies were detected in HCV 
patients. The F protein is encoded by a reading frame mat 
overlaps the core protein coding sequence (Fig. 1A). This F 
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protcin is expressed by a -2/+1 ribosomal framesbift during 
translation (24, 28), Based on the mchosequencmg of F 
protein synthesized m vitro, the nbosomal fraraeshift sik for 
the synthesis of the F protein i> located in the A-nch sequence 
at codons 10 to 12 of the core protein sequence (28), Tnus, the 
F protein and the core protein nave tho same araiuo-rcrrmnal 
sequence- Their sequences diverge after 10 arnino acids. The 
length of the F protein vanes depending on the genotypes. \ or 
genotype la such as the HCV-1 isoj^jc, the F protein is 161 
amino acids long. 

In an attempt to understand the biological functions of the F 
protein, we nave expressed the F protein of the HCV-1 isolate 
in Huh7 cells, a well-differentiated human hepatoma cell line. 
To facilitate the analysis, a single nucleotide was deleted from 
the stretch of 10 adenosines located at codons 8 to 11 (Fig- 
1A). This nucleotide deletion fused the fin* 10 codons of the 
core proicin to the -2/+1 teading frame. Hence, the predom- 
inant protein product produced from this sequence would be 
the F protein (Fig. 1A) (28). Since the HCV ribosoroal frame- 
shift signal can also mediate -1 rranslational frames&ift (24; 
h Choi Z. Xu 7 and J.-H. Ou, unpublished data), whicn will 
restore the core protein translation (see below), a C-to-T mu- 
tation was also created at nucleotide (nt) 57 to genetafe a 
premature termination codon in the core protein coding se- 
quence (Fig. LA). This additional mutation prevented the ex- 
pression of the pore protein without affecting the F protein 
coding sequence. The antigenic epitope of hemagglutinin 
(HA) was fused to the amino terminus of this mutated se- 
quence, which was then inserted into the pCPBF vector under 
the expression control of the promoter of the elongation factor 
la gene (28). The resulting PNA plasroid, pCDEF-HAF, was 
then rransfected into Kun7 cells for ihe expression studies. The 
HA-iag&ed F protein was meiabolically labeled with PS]m«- 
tbionifle, followed by unmunoprecipitation with tne anri-HA 
anribocfr. As shown in Fig, 1B 7 the HA-t&ftjed F protem could 
be detected in cells transfected with pCDEF-HAF but not m 
cells iransfecicd with the control vector pCDEF. Simdar re- 
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FIG I Expression of the HA-F protein m fiun7 hepatoma cclte (A) UhMranan* of die 5' cno oi tftc ttcv-t genonic (io P ) ami H^vF 
cDN a construct (bottom) TJic HCV genome snown contain* the 5' noiKodiuj; *e$wn and tte coOqw regions of tnc piotem *n4 the F proww 
The F pruteifl coding sequence b> jihads A 10 . Hie stretch of \Q adenosines at codon* 8 to U of the cot* protein coding Kquenc*. Th* sequence 
conwiris the rihWfni uW*tu?i sipial fbr the *y»th**s of the F prorcin (28), The HCV-i piornc ^ used for the construe™* .of W»c pl4Smid 
aCDBF-mS- In th» construct, one a*imPc w** dcicwd from A w 10 £ cnerate A*. This deletion fu*d The fim 10 codc-as of the tare prmr.n 
w tIk F pwtcm coding scan***. T(w Ha tag, main** by a «ippled bo*. w*» toed io the 5' end of the coding ^*aioe. Tl* l<w*uon of tne 
ik 57 Oro-T mutations indicated by *n asterisk. Tim m^wion created 9 TaG termination «=o4<*n in the core protein sequence. (B) Immuno- 
prectfitahan of ^ HA-F prowm- pODEF-HAf <W 2) or the «wro} vscior P C0FF (Ume 3) traAsfectcd into Huh7 cell* |*M*ng 
predpiiation nrocKdwrcs (13). Celfc we ( & *arved fox roeihicmiiK for 3 b ax 2 d»ys after transaction and tnen radiolabeled with f^metnwmiu: 
far J ti, toUovJcd by imrounopreciptauan wiih ufro-HA annbody (W The ^mcthioniw-kbeled HA-F pnwtm symbol m vitro rabbit 
reticulocyte (y««s (2S> w»s sftowa ifl lane 1 w serve 3s 3 nwlcer (M). 



sulw were obtained wbcu HcpG2 cells, a human hepmoblas- 
roma cell line, were used for ihe expression studies (data not 
shown). 

In our expression sr-udtei, we nowced that the f prowin was 
unstaWe a«4 4e^ra4ui rapidly after «s syndesis, For that 
reason, we have performed the pulse^hase laoelwg experi- 
ment to Oetertuine the nulf-ltfc of the f protein- In thU e^r- 
unem, the HA-ta^«4 F (HA-F) protein was pulse-labeled 
with (**S]roeihfcmwe for 10 mm and chasttd with unlabeled 
methionine for various lengths of rune. As shown in Fig- 2a» 
tto aroounr of the Ha-F protcm decreased significantly during 
the chase and became undetectable after 60 nun of chase. Its 
baUMife was determined to be ca. 8 to 10 min based on den- 
sitometry (Fig. 23). In contrast, the amount of the HA-tagged 
core (HA-cons) protein was not apparently reduced' by the 
chase ni a similar pulse-chase labeling experiment (Fig, 2C), a 
finding in agreement with a previous report rhat the core pro- 
tein is a stable protein unless it is truncated (22). 

The results shown in Fig. 2 demonstrate thai the Ha-F 
protein is a labile protein in Huh7 cells. To determine whether 
rhe tJA-F prawin synthesized in vitro is similarly unstable, 
HA-F protein was synthesized in vitro by usipg rabbit reticu- 
locyte lysares and then pulse-labeled with [^methionine for 
10 muv After xhe translation reaction was stopped with cyclo- 
bemraide, the F protein was chased for various lengths of time. 
As shown in Fig. 3A, ijie amount of HA-F pwcm was reduced 
significantly during the chase; these findings are similar to the 
results observed in Huh7ceUs. The half-life was determined io 
be sliguuy less than 10 mm based on densitometry readings 



(Fig. 3B> Similar results were obtained when the F protein was 
expressed in vjrxo without the Ha rag (data not shown). 

To understand the molecular mechanism thar. is responsible 
for the instability of the F protein, serine protease inhibitors, 
including Jcupepun, aprotimn, and Pe&bloc, were added into 
the translation mixture at the beginning of the chase in sepa- 
rate pulse-chase labeling experiments. None of these protease 
inhibitors could increase the half-life of the F protein (data not 
shown). In contrast, if the prOTeasome inhibitor MGI32 was 
added into the translation mixture at the beginning of the 
chase, the decrease of the HA*F protein signal was unappartnt 
during the 2-h chase period (Fig, 4A). These results indicated 
that the degradation o( the F protein was most hJcely mediated 
by the proreasopie pathway in vitro. To determine whether the 
HA-F protein was also degraded by the same pathway in Hub7 
cells, cells transacted with pCD£F-HAF were treated with 
MG132 or the control solvent dimethyl sulfoxide (PMSO) for 
6 h, lysed, and then analyzed by Western blotting with anti-WA 
antibody. As shown in Fn> 4$, the expression level of the 
liA-F protein was low in pMSf>ireated cells (lanes 1 and 6). 
ffowever, this expression level was substantially increased if 
ceUs were treated with MGI32 (lanes 2 and 7). Similar results 
were obtained when Huh? cells were treated with lactacystin, 
another proteasoroe inhibitor (lane 3). These results indicated 
that the F protsin was likely also degraded by the proteosomc 
pathway in Huh7 cells. Note that in lanes 6 and 7 the ceils were 
trausfectpd with an egression plasmid identical to pCDEF- 
HaF except that nt 57 was not mutated from C to T t which 
would create a premature termination codon in the core pro- 
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FfG. 2. Puke-chase labeling experiment of the HCV piMems «- 
oj^d vn H«h7 eclto- (A) Pulse-chase labeling experiment of the 
HA-F protein KUH7 cells «wM *■* pCPEF-HaF % CaPO 
orccimtarion were puhe-fobejed wuh [^SlmettaOQine tor 10 mm *nQ 
SJi wuh unkbeica methionine to 0, 10, 20, 30, and 60 mm (lanes 
2 xa ft). Cells weu then frsea for uamunoprecipi»H"n with me an- 
u-HA antihoay by our previous procedure* (14). Une 1 .is me F SJme- 
UiioniGC-Mxle<3 HA-F prorcm marker, which was sjntbeStfea in vitro 
hy using the moc-it reticulocyte lysaics (B) Detwrniuauon at the hatf- 
hfe- of the HA? protein. The a«oradi»gntm >hown m pancj A was 
analyzed with SigrnaScau. The result* represented the average of Three 
independent experiments Toe HA-F protein level at the wio nrac 
point of chase ww defined as 100%. (C) r^-cha*e labeling experi- 
ment of ihc HA-cofg protein. Hub7 «Hh refected with pCDEF- 
HA-core (13) were pujse-labckd wim F'Slrocthaorunc tor 10 win ana 
chased with unlabeled methionine for Q, 15, 45, 60, and W mm (lane* 
1 to 5). Lane 6 was Huh? veils nansfceted wiih the control pCPEF 
vedw- Tb« a&tcnalc marte the location of a nonspeolic protein band 
The arrow ucmite* the core protein band. 

tein coding sequence (Fig. 1A). In mis case, the HA-tagged 
core protein was also detected. This result is consistent with 
the recent findings That The HCV ribosomal rrameshift signal 
could also mediate the - 1 ribosomal fraracsbifif to express the 
core protein from the HAF sequence (24; Choi ei al., unpub- 
Ki&hed)- 

To investigate the possible biological functions ox the F 
protein, we have also analyzed its subcellular localization. 
Huh? cells transfected with pCPEF-HAF were fixed with 
ferraaWehyde and atoned with the ann-HA antibody. As 
shown in Fig- 5, the HA-F prorem displayed a punctate and 
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FlO 3. Pufce-ctwse landing experiments of the HA-F protein syn- 
iUcbiaeO in viwo (A) Aaton^hogratnS of the puJsa-cha>c experiments 
The ilA'F coding sequent* was inserted into pRc/CMV (fcwtfogen). 
The HA-F HNA wa* then synthesized by rtsin 6 The T7 BNA polymer- 
ase and translated with the rabbit reticulocyte lysaics, petads of thew: 
erocriTnenuil procedures had been described (28), The HA-F proiein 
was pulse-laocira with l^Slmetfnoniac for 10 min The translation 
reaction was men stopped by ibe adOirion of q^ohexlnuae to a final 
conwnmirion of 400 ^M- The Ha-F protein was men ch^d for 0 f 10, 
30, 60, or 120 min (h»u« 1 tu 5). (6) Half-life of the HA-F protein in 
vitro. Thft mmr* shown in pnn^I A were quannfiea with Su^naScwu 
The results reprinted the ftvep*ae of ihrte independent experiment*. 
The HA-F pratem level at the zero time point dcfuied a* 100%. 



perinuclear staining paneni similar to that of calrtticulin, a 
protein associated with i)ie endoplasmic rericuluro (ER). This 
subcellular localization was also similar to that of the core 
protein in a cotransfection e^riment. Stable Huh7 cejls that 
contain biriscronic HCV RNA replicons that conRMned the 
neomycin gene and the HCV NS3-NS5 sequence had been 
produced by several laboratories (1, 8, 9 ? U)- We had also 
established stable Huh7 cells containmfi the HCV rephcoa 
(unpublishecl data). The HA-F protein expressed in These 
Huh7 cells by transieni: transfecrion also displayed a subcellu- 
lar localization simitar to drat of NS5A (Fig- 5). Both core and 
KS5A proteins had previously been shown to localize predom- 
inantly to the ER membranes &, I0 t 15, 19, 20). Although the 
subcellular localization of the HA-F protoin was sunilar tp 
those of core and NS5A, coimiuunoprwpitaiion experiments 
Med to demonstrate a direct physical interaction between 
HA-F and the core protein or NS5 A (data not shown). 

The ER association of the HA-F protein was further sup- 
ported by the membrane fractionation experiments by usini; a 
discontinuous gradient containing 2.0, 1.3, 1.0, and 0.6 M su- 
crose solutions. The rough ER, the smooth Eft, and the Golgi 
membranes were enriched in the 2.0-U, 13-1.0, and 1,0-On M 
interfaces, respectively, m this sucrose gradient (26). To in- 
crease the sensinviry of the Western blot analysis, Huh7 coils 
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FIG 4- Stabilisation 0 f tfce Ha-F protein by pronr&some inhibitors, 
(A) Pulses-base Utbelms experiment* of HA-F &yuwesixcd in vivo 
^a-F proKin w 4 s pubc-lab*Jcd wUft {^S^tbionuw: tor 10 min 
as dwenhed ro me legend to Fig. 3. The translation reaction* were 
ihcn stopped wilh cyclc*exiiwdc. MC132 (lower paocl) w its control 
solvent PMSO Cupper panel) wa* wen add*d la * final concentrate 
of 100 i*.g/ml The reaction mixtures were chased for 0, 10, 30, 60, or 
120 min (lunes 1 to 5). (9) StaDUizatton of HA-F by prowasome 
infifoHora to Hun? pCD£F-HAF (tones I to 3), us control vector 
pCOEF (ianc* 4, 5. w\d or pCDFF-^Corc (Uraes 6 ana 7) wa» 
rrawsfected info Hub7 cells, pCP£F-9aCt>rc v> identical to nCDEF- 
HAF with *he exception that it doe* not bav<= the C-te-T mutation at 
nt 57 (28), Ai 48 b afer iransfeciion, ceils were treated with DMSO 
(lane 1), 1 p£ of MGl32/ml (Ian** 2 and 4), or 20 of tectacyrtUi 
(U?) (lane 3 and 5) for 6 h. Cells wen then rysed for Western Wot 
404{ysu with the anii-HA aniinody by using wr prevSou* procedure?. 
(13). The proicm »ign?l3 wcrt analyzed by the enn&nccd chcHiilvnu- 
atacence kit (Pierce). The expression level of HaF wa* lo* m DMSO- 
ncawd «dls. Hence, lane* 6 to 8 were purposely overexposed oft OV= 
fijm w reveal the HAF protein in PMSO-treated cell* (tone 6). The 
Rsrcra* marks the location of tftfi HA-sore proiew. The ifcnuxy of ihis 
protein was confirmed by Wcbtern Honing with th* anti-core antibody 
(data not sho>n>. 



were treated with MG132 for 6 h to stabilize the HA-F protein. 
A* shown in fig. 6, the HA-F protein was detected in both the 
rough EE and the smooth ER fraction* but nor the Golgi 
fraction. To ensure that this gradient indeed faithfully sepa- 
rated ER and Golgi membranes, individual fractions were also 
analyzed fay Western blotting with the anti-GRP73 antibody 
and wheat germ agglutinin, GRP78 is an ER-associated pro- 
tein, and wheat germ agglutinin binds specifically to nans- 
OQlgi proteins containing clustered terminal AT-acetyineura- 
minjc acid residues, as well a? AM^tyi^ucosamme^niammg 
oligosaccharide chains (26). Calrenculin was not analyzed in 
these studies due to the lacfc of a good reactive antibody for 
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Western blot analysis. As shown in Fig- 6, GRP78 was detected 
mostly in the ER fractions, and proems with complex-type 
glvcans were detected primarily in me Golgi fraction, indicat- 
ing that ER and Gojgi membranes were faithfully separated in 
our gradient fractionation procedures. Thus, the results shown 
in Fig. 6 were in support of the immunofluorescence staining 
results and indicated that the HA-F protein was primarily an 
ER-associated protein. The hydrophobicity analysis of the F 
protein sequence revealed two major hydrophobic domains 
located at amino acids 2S to 45 and amino acias 95 to 110 (Fig- 
7). Either one or botu of these two domain> may serve as me 
domains for the F protein to become associated with the ER 
membranes. Although the length of the tfC V F protein varies 
depending on the genotypes, most of them are longer than 126 
amino acids and thus contain these two hydrophobic domains. 
In conclusion, we have demonstrated here that die HCV F 
protein is a short-lived, ER-associarcd protein. This protein is 
synthesized by ribosomal frameshlft, which occurs at a fre- 
quency of 2% in Hub7 ceils (2S; Choi et ai., unpubii»h^). 
Hence, the finding that this protein is labile with a half-life of 
<10 min is interesting. It is conceivable that the F protein is 
needed in only a very small amount in the HCV life cycle. 
SuzuW et al recently reported a pl7 protein mat could be 
expressed from a genotype lb HCV core protein coding se- 
quence (22). This protein, which could he detected in their 
Western blot analysis only when cells were treated with 
MG132, was thought to be a truncated core protejn, Based on 
our studies, one must carefully re*3faxnine whether the the pl7 
protein detected by these authors was actually the F protein. 

It is not unprecedented for an underproduced viral protein 
to be also a labile protein. The Sindbis virus nsF4 polymerase 
is expressed by readtbrougb of an opal codon, followed by 
proteolytic cleavage, and thus is underproduced compared to 
other nonstructural proteins (12). This protein is also short- 
lived and degraded rapidly by the ubiquirin-proteasome N-end 
rule pathway (6). It has been suggested that the instability of 
nsP4 may be important for the cessation of minus-strand RNA 
synthesis during viral replication (6, 21). 

The replication of HCV occur* on the membrane structures 
m the cells, and all of the HCV proteins derived from the 
Dutyproteirt have been found to associate with the ER. mem- 
branes either directly or imiirectry (4, 5, 7, 15, IS, 27, 29), The 
finding that the HCV F protein is associated with ER mem- 
branes with a subcellular localization similar to those of the 
HCV core protein and NS5A raises the possibility that the F 
protein may also be a component of the HCV replication 
complex. The F protein docs not appear to bind dwectly to the 
core protein and NS5A. Thus, if it is indeed a component of 
the HCV replication complex, it will likely interact with this 
complex through other HCV proteins or indirectjy through 
cellular proteins. The F protein is not needed for HCV RNA 
replication, because its absence did not impede ?be replication 
of the HCV subgenomic RNA rephcons (1, 8, 9, 11). However, 
it remains to be determined whether the F protein may regu- 
late HCV RNA replication or participate in viral morphogen- 
esis. Our finding that the F proicm is a shon-iived, HR-asso- 
ciated protein will now allow us to further explore its biological 
functions. 
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FIG. 5, immunofluorescence doublcwining analysis for toe subcellular localization of the HA-F ptotem. (a and S) Hub? cells refected 
with pCO£F-H*F ^ doubk named with rabbit jmw-ca|rctk«li» and mouse antt-HA pnnwry annbod^ a»d flaorc^io tfoftrac*m4ia 
(TO-CH^Tuiigatca goal ami-mbOit and rtoOoiuinc (IUTC)-coiy u^ied goal wli^oi^ secondary anfibodie*. <C midD) Huh7 <*Us aww^jjj 
wiih dCD^HaF unci pCDEF-core (13) were double *ain*d with rabbil 4BU-HCV ewe and igouw aoti-HA primary annbo4j*s una FTiy 
SJ^icafio^i *n*ra*U und RrrcWjugawd goat anti-mouse seconds MU^odie*. IE and F) Huh7 ct*U mHBj tftoc KCV sub^nomt*: 
RNArcpl^i lunpubJUtwd daw) w W iraWu:i*d witt pCPEF-HAf and double swined with mouse an»-NS5A and rat jwu-Ha prwwy 
smlibodi^ and Fnfc™yu*ateo mwm* and RlTC^onj^od goat aira-rat secondary anlibodp, to all cases, cell* me feed w 3 7% 
formaldehyde in phcW^^n^ stfinc (PBS) at 4$ b after w^fcaion for xwv* by using aw previous procedures (H). The HA-F protem 
wis sfjwnrd w red, *bweas all of the, otber prot»ins *ere stained in green. The images were captured with * Nrfcon contort nucioscope at die 
USC Liver Center. 
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FIG. € Membrane fruct^nationc^nn*^^ 
subcellular loqdi2awn of HA-F- Huh7 wlla uunsfectcd with pCPEF- 
HAF w«t rinsed wjrb PBS and scraped off the plates into PBS- After 
a brief Gcwrifugtfion ai 1,500 * & cell* wste homogenized with a 
Pounce bomogcni^r »n a &25 M sucrose solution containing 10 mM 
H£PFS (pH 7.4), X mM EOTa, and J mM phcnyhwttyWonyj 
fluoride After a brief rcnvifrgawm at 15,000 x & tfip posmudear 
supernatant was loaded on a discontinuous sgcrose gradient contiuaing 
06. 1.0, 1.3, and 2,0 M 3u«o*c in 10 roM HEFES (pH 7-4J. Tne 
gradient was wnnifuged at 40,000 rpm by using a Bcrtctnan SW40 Ti 
rotor for 2 b at 4 fl C as previously described (2$). U»nc 1. cell* trans- 
fectca with the control vector pCDEF; lance* 2 to 5, cells transacted 
widi pCDEF-HAF: law* 1 and 2, the postnuclfctr supernatant prior to 
fracrionanon; lane 3, the rough ER {R W> fraction i«DUtT«4 from lb? 

M sucrose interface; lime 4, to smooth £R (SER) Racoon 
isolated from The 1-0-1.3 M sucrose interface; lane 5, tfic Golgl fntcnem 
isolated from the 0 (5-1.0 M sucrose internee. (Top panel) Wntcrn 
blot »nalysis wtrb i-HA antibody; (middle panel) W*s&t«m blot anal- 
ysis with and-OaP7S antibody; (bortow panel) Wesivrn blot analyst 
witb botscndUb pcroaddase^onjugatcd wheat germ agglutinin 
(WGA). Hie astcrthk denotes * nonspecific ptotein band. Hips protein 
b^nd aid not cofracuonatc with CRP7S into die £R membrane frac- 
iian&- Whw»t gem> ag^urinin reacted witn muhjpk protein baflds. 
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Characterization of the expression of the hepatitis 
C virus F protein 

Juliette Roussel,'- 9 Andre Pillez, 1 Claire Montpellier, 1 Giiles Duverlie, 2 
Annie Cahour. 3 Jean Dubuisson* and Czeslaw Wychowski 

'CNRS-UPR 25 11. BUlnstiM Pasteur oe uie, 59051 Uie Cede*. France 
2 Lajwralo»re d* Virology Centre Hospitalter Untersta!fe-H5p.tai Sud, 80054 Amiens Cede* 
France 

3 CERVl (weiogieX UPRES EA 2387, Hoprtal nfce-Salpetnere, 75651 Parts Ceoex 13, France 

Hepatitis C virys (HCV) is an important human parogen mat affects 1 70 rndfion people 
worldwide. Tba HCV genomo is approximately e-B fcb in lengm and encode* a potyprotem mat * 
proteolytic*)!* cleaved to generate at lead 1 0 mature vim) prolan products. Recenty , a new protein, 
named F, nas peen described to be ezpr^sseo though a rioosomal frameshift whhin the 
capsid-encoding sequence, a mecnamsm unique among rnem&ws ot the family fla wwAdse. Here, 
express** of me F protein woe investigated in an fn Wim transcrlptiorVtranslatiQn assay- Its 
expression in mammaRan cells was confirmed wsing specific recombinant vaccinia viruses; Mnder 
mese conditions, protein expression * dependent on me HCV IRES. The P protein was tagged wim 
firefly luaferase or the Myc epitope to facilitate its (danrticatiori. Ribosemal tramesnming was 
dependent on the presence of mutations in me capsid-encoding sequence. No frameshiftinQ was 
detected in the absence of any mwtavon Furthermore, analysis of the F protein in time-course 
experiments revealed mat me protein is very unstable and that its production can be stabilized Oy the 
proteasome inhibitor MGl 32- Finally, indirect immunofluorescence studies have; localized the F 
protein in the cytoplasm, with notable perinuclear detection. 



INTRODUCTION 

Hepatitis C virus (HCV) infection is highly prevalent 
worldwide and the disease often progresses to chronic 
hepatitis, leading id ciirbasis and, possibly, hepatoceftuJar 
carcinoma* Interferon-* (IFN-ot) a<jroinisnradon in combi- 
nation with ribavirin remain* the most successful treatment 
for HCV infection but U only effective in about 50% of 
patients (McHutchison et «L f 1998; McHutchison & 
Paynerdt 1999; Scbalro aI, 1999), The cQicacy of 1FN 
Treatment can be limited in duration, leading to the selection 
of virus variants during the onset of infection that arc 
resistant to 1FN< 

HCV is related to the fovrviruscs and the pestivimses 
Otadenbaeh & Rice, 2001; MiUer & Purcell, 1990; Takeuchi 
eT ffl, 1990). HCV, a positive-stranded PWA virus with a 
genomic size of approximately 9-6 fcb iChoo et d., 1989, 
1991), is no* classified within the genus Heporivirus, femjly 
Ftoririridat. The viral genome contains a large open reading 
frame encoding a polyprotein of approximately 3000 as that 
is cleaved by a combination of host signal peptidases and 
two vUiu-encodcd protease? to produce the mature struc- 
tural and nonstructural proteins; C. El. £2, p7, N$2 a tfS3, 
NSiA* NS4& NS5A and NS5B (Undenbach & Rice, 2001). 
The C pcqtdn- alio called the core protein, is the putative 



capsid protein; El and E2 are thought to be die membrane- 
associated envelope glycoproteins; p7, a polypeptide of 
Lu&nown nmction, is cleaved inefficiently from NS2 
Through NS5B are the non-struaural proteins, which, 
except for NS2, are involved in the replication of the viral 
genome tfjohroann e% #1, 1999). 

The amino acid sequence of the core protein is well 
conserved among different HCV isolaws. Its N-tcrminal 
region is highly basic, while its C-terminai region is 
hydrophobic (reviewed by McLauchlan, 2000). During its 
maturation, the core protein undergoes wo consecutive 
nMsmbwne-dependent cleavage events: (i) the first generates 
the p23 protein, die immature core prorein of J.91 aa? and is 
mediated by a signal peptidase; and (ii) the second y idds the 
p21 protein and is medtated by a signal peptide peptidase 
(M4*uchlan et *i f 2002). The C terminus of p2l has not 
been mapped correctly yet and different locations have been 
reported (Hussy ctd» 1996; Liu er aj., 1997; to e$ 1995; 
fiantolini er aL, 1994; Yasui #r «l, 1993). poth p23 and p21 
core proteins have be*n termed, «i some early publications, 
a* p2i and pi 9, respectively. In addition, a 16 kDa protein, 
cdled plfi, can be expressed also from the HCV capsid 
protein-encoding sequence (Lo eial, 1994, 1995; Y*h ef 
2000). Tiit identity of this product remained unclear until 
the recent observation of a novel translation mechanism 
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within the capstd-encoding sequence corresponding w a 

of the family PWmto {Varakbou x fll, 20G2, Waiewsw 
22 35 Xu « <L. 2001). This protein to ten called F 

rfrosomai fcamcsbi* protein) faatewsta « 2001). 

la this study, we invested the expression of the F protein 
£ KTid m vivo express systems in th* prince « 
^n^fTmuons that have W ported 
be associated with the expression of the pl6 protein tYefr 
« 2000). In die absence of any mutation, Aoribosomal 
fr^Uiftins observed- In a fenflhifted 

™ln Ji clearly identified when wuiarioas were 
Spaced al nt 9*7 and 373 Icodon* 9 and 1» uwhe 
cW^codinjj sequence. Furthermore, the daw ob^ed 
*to*<m experiment revealed that the F protem ts 
a very short-lived protein and that * *^ ™ * 
maintained by the use of the proteasome inhibitor MGW- 



METHODS 



RwiUd conwucu for frairwdiiWn* a»wy$ Iff vftro «id 

in Piasmids were obstructed u**og *undard method* 

tSamhroo* ^ mn HCV wtr* *ropUt|«J torn done* 

derived from strain H (Fern^n* « «1. iWs Foumiliirr-lKob «at ; 
The HCV 5'UTH was introduced into pfc«n»d pTMl/ 
(FoufTjaiirr-^ab « 19*5) in place Of *c encephido. 
mypSrOim viru* IRES #ou**« b * ^fUri* W°P^/ 
Cleoddcs end template* Mutations G^-A C 3 -Awc« 
introduced into pTHC/C£,E 1 p7 to generate tH* pjwmrf pTWO 
Ch\E»p7m by 4te-dirccwd mutagen*** w% etoymafce tavewe 
PCR, m 4*«ibed oy Stemnw & Moms U»2>. These ptamid* 
were tu*4 as template and »Uo *»r cloning by replacing d* *eqocn« 
encoding (be tfructuwi proteins win tbc new PCR pntfuc^ 
pfcrrtids pTHC/C<Huc' and pTHC/C*m-Luc" conlw *c ^ 
type and mutant «psid-*ncod*n& region 3*2h5$5>« respectively, 
from the HCV strain H MofoTe m whw* die sequence encoding the 
£rcfty luciferra * not fo*ed in-frwne with in* cap^-encodi^ 
wuew* or with the F-ewadiP* w^uence, Tne firefly hjafcrase 
sequence amplified by PC* Appropriate pruncre despwd 
to eomwn A*p7l8 and 3$R sto « rfw 5' and 3» ends of dw 
mene The maioion sue BgM is an uniqnc reswioion site created 
« rtw 3' end of the HCV structural sequence All *«j4mces w lh*r 
jwtrion brrwecn HCV &n4 0>«fly lwcifbra*c wqucnees arc in(k«Kd 
in Fte. i. To t«*wc * correct reading ^ between the sequence; 
encodms the nist amino w*U of the «R*id pjowinjod <*k fkefly 
Uicifeme, ihc Pjawnid? pTHC/C^-Uic and ptHC/C*»-Utc woe 
cJdved at the tep7\$ restti^tion aw »nd the sequence was wied 
wish Wenw and then Upawl with PNA lis*»e- The naulring 
pjasjnid* pTHC/C^-Uc* and pTHC/CV-Uc" were otaiped 
PUftnid* pTHOCP a -tuc' r and pTOOCF*na-Luc r contain the 
sequent encoding die firefly lucfrrwc fused in-framc widi die 
^uencc encodw? th« F protein and not the C protein. Ooniftg v« 
pcrfrnned by PC£ ^ appropriate ohsonndcotidei. In tdi con- 
wrucp wntainins the firefly bwafeme «eqwe<vpe, the AUG inittttion 
codon of the tucifcwe gene wav onutn=d dnrmg poiwruaion in 
order to *yo'ul *U inccrni transla^onal of thi* gene In m «» vimi 
tran^iption/trai^uon 4*say. 

PMawuttepTHC/CF-rnye andpTHQCfm-fflyc contain iheenrwe HCV 
(nt and part of the «r<-eneo4fop s«^u#n« (nr 

342-^25) from riCV-H genotype J? fused with the sequent* encoding 
toe Myc epitope <nXjJCJ4SfI£Pl> preceded P/ three Giy r«^due>. Thi* 



W ATGAGCM^^TCXTAMCCTCMAGAAAAACCMM 
^ATC^PCQMTCCTAAACCTCMAMAAAAAXAAA 

m*« rtt585 



8 f 



7s 

CCC COG T AC CT& **S «» CCA AAA 



WES HCV 



yea 1 Uicfferwj 

7N ^ 



CCC GGOTAC<3TAOCTOMGACO«: AAA 

PTHC/Ca-Ujk^w ww pTHe/c*iMj*e*t*) 



CCC OGG TAC CCT TOA AOA CttO CAA 

p tbCK:f*-1.«c*(6) and pTHCfCFAnvUc^) 




F(», 1- Tagging oxpenments wrth the lac if erase gene. (A) The 
Vet 13 codorw of the capSfd proxe">n are shown- Differanoe* 
between the wSd-type C-f ) anti the mutam (m) se^Jinc^ are- 
irKi'tcatfid. Motawl nue4eoW©s aro "mdicaxod in boW, (B) 
Schemaw? repreaentat^n of me cqrwsnucts used for me tagging 
experiments wlm Iwciferase, The entire hCV IRES wid part of the 
HCV capwt-anooding sequences wet* doncd Into me pTHC 
plasmi* Nudeohdo eequences at the junction of ttie cap»d- 
encodina region and the lucifen^enooding region are illustrated 
below. The beginning of tne sequence encoding the (ucrfewe 
gene h» shown m t»kt Broken ipnea «wicA» that the romance 
encocj«r»g the iuqrferase protein \* out of frame with the sequences 
encoding either the capsid protein or the P pfQlein. iC) DNA tem- 
plates *ere used to programme oowpied transcr^iiorVtrs^ajion 
foactJortt, ee desenbed prevkmsly (Meunior er a/., 1 00g>, Tfteae 
DNA« qorrespOTKi, re8pectiireV» to pTHC/C*-U*f Oarw 2). 
pTHC/f^m-tuc- Oano 3), pTHC/C^Uc^ Oano pTHC/C*m- 
(lane 5), pTH<^CP^c- r Oane 6) and pTHC/CP*im-Uicy 
Cane 7). The control of the translation assay without RNA »e indi- 
cated In iane t. Trenslauon products were analysed toy SQS- 
PAGE 00% polyacrytamide ge(X The motecular ma*e of the 
fusion protein Gn KDa) is indicated on the lefi. 



«e<)u«iwe is fw&s4 m-f>h*s* only with the sequence encoding iH« HCV F 
proom Ooniag »^ performed by FOR using appropriate oh#«iu- 
ckotides and the antiacne: primer >yji* designed to contain a " 
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*. •* * ^^SSS^S 

M*-e»>. USF*** *e ^S^CAftA** replaced duf m 6 

w « cwrted ou. m« ^SJi^fSS*-. buffer andyi* 

exprewng W» *Wr°^r, rt r «mmbdiaw viruses <*pr»f»8 'I* 
faefly ««i^EJ5^?2^2S2 v«*iV*« recombinant 

washed 5wwc ^ . rW! i £ TO n«*4 wit »na 

buffer tfromcga), lyxrf *>r w freei^w eyefe, j"l 
"T^ m0 Xt ccU debris. SupentfW* <« ^) ^ 10 |4 v»wr w 

£m W ^tucife^ As»y ***** L*™***>- 



in vttrQ analysis of framesfflfttno 

K recent study on the P protein has indicated that *e 
^^SK^igfct «« be observed i. *on*«oto« 
$£XT*V -Sw. ThcF pari, 
observed dearly in an WCV ^i,*?,^ 
SSftinfi vl dc«c«4 with the HCV «^ H ^ 
I^WoiueaAer^tabawiodiatedtbat pi6 wptod«o«l 

SSgn^ion (Yeb etc*. 2000). Tb«*e <Uta sog^d » 

lEZTo i«t this hypo*«fc, fraw^iftvnB has be««t 
aniOyscd in the presence or absence of muwnom. 

MutHtions r«»™d previously - C* 7 -*A tcodoo 9) and 
C* 7 »^A (codon U) CYcb * 2000) - were wtroducoj 
Irtto the N twmmus of the capsid-wcodins tegMn thi> 



^ ^ii h.- referred to the »»WW» (Rfr 1A). To 
detect fRme^tw^^^V ^ ftaW w « 
The fraroshified P*««* **, Ljcodtog sequence IpTHC/ 

^5 ^^mSF-nsWts). With tbU 

delected oiwy » a aoosowi* f wW -^nre^n* xbe 

Uxi oo. To ^^CvSlSSy^f^e 
^^^S SSiK control of the HCV 

5 W^.^^^^^erted, a band with an app«ent 

^™«ed » »*» of * fusion protein m which the 

ludfctase aaivity was observed for the nmwwS ««J ww> 
STrSuc proteins, respectively (data not shown). 

To confirm that the mutations introduced into the N 
te^^pSd^codins tegionhavc no effect on^c 
KrLUsion of the cpsid protein, the Lwc-encojng 
^uencTL fu.d in-frajne with 
the first 82 aa of the «ap»d proto» CpTriCJt- wc «w 
SrSym-Luc*). ThT^ ptodwet. correspond^ W 

ttanscripitonArarisUuon assay (F»S-,^- ^"'^ 
™ere MmUV and corrdattd with i^fet^actm^ 
(data not showa). Additional conswucw tn which bw 

was fused out of fiawe wtth the fire* *g£?Sl£ 
2d£ ninvecon^.Th^-nstruct, arenot supposed 
«, produce a hjevfease fusion pro«w *«n if a +1 Bj» 
sorSd ftarneshift occurs in the ca^ncod^ucnce 
due to the presence trfter^toauoncodons in the ^ frame 
of the lucifcrase-cncodins sequence- Th» was wnnrrned by 
sSpaGE analysis of rsimeAionin^ed^wn 
pwduas obtained in *a in vim trar^riiwivftwrfbtion 
S^^r C ticuk^y I ely«tes(Fi8. IC). Add.uonaRy, 
no fU&y hicifenise activity associated with these constructs 
was observed (daia not shown) - 



The* results indicate that a fratneshifted fusion protem 
with an active ludferase protfiin « produced m wtw when 
TOodiBcations ar « 367 and 373 tcodons 9 «4 U) «e 
introduced within the nucleotide sequence encoding _«* w 
terrninos of the HCV capsid protein. However, in the 
absence of any mutation, no fcuwshift is detectable above 
background Itvel- 
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SXvc-mcnu^ conclusions by in mo 

lonii recombination and u*d to infect «*; "J 
3Ls expressed by th* flftww rcomNrwm vaccirua 
SrwXnalysed by SDS-FaGE MM by W.^ 



antl-C 



* 1 8 ' 4 6 * 7 _ KDa 

"L 1 i^^^ r ^ 




anti-Luc 

B 1 2 3 4 * e 7 kDa 



anti-C 

C 1 2 3 4 S S 7 kDA 

— J. L , 1 ■" 1 



Wot analysis using anti-l»c or anti-C "^<^ 
comtrucw analysed in vino examined m A 
SSS Mbme with the My active fi^ Proum 
wWorfecri in HcpG2 ceils infected with th* recombwant 

Shifting was observed m mo In addition, 
lSraTactivity h« been observed fot this construct 
S? 2DT SSTva Tin contrast, firefly lucifera* activity 
waf only slightly above ta«*pwl » 
camion in the FM-uc fuson protem lFi«. 2D. tone J)> 
which correlates with the absence of derea,pn ^ the co r- 
responding product by Wcsiera blotting «• 
These data indicate that the mutations introduced m th* 
cansid-enoxUng sequence are necessary to improve tne J" 
S ^JSf aLnesrdfted protein- To ™ft rn^ 
constructs cottldbe expressed in vivs, the presence of «wm4- 
S^rotcins v^inalyaed h, Western Wotting wwh £ 
anVc mAb. A truncated form of the capsid protein of *e 
expected siw (10 kDa) w«* detected from ceU extracts of 
HepGZ cells infected with merecorabinant wan^ viruses 

XvvpTHCmn-UK" asexpectedCFig. 2CJaw*2.3,6 
and 7V The snwlisiar of these proteins is due to the presence 
of wrninaaon codons in the Luc sequence, which*** not w» 
rhe same frame as rfe capsid protein ^ « P™"" 
resulting from the capsid protein wiib the luc.tov^ 
oolv drtcowi when the HepG2 cetts were infected win the 
SmbUtviru^vvpTHQ^-Luc- W 6wpTHC/C a m- 
Luc-<- (Fig. 2A, lanes 4 and 5). The corresponding fused 
proteins were also detected by Western blowing with awv 
luc mAb (Fig. 28, lanes 4 and 5). These consmim |vetbe 
highest ^producible levels of luciferase activity (Fig- 2W» 
knes 4 and 5). 




Fig. 7. petecwm in HepG2 cdte of <filferent piociMcte iwulnng 
from me Tagging enperiments wim «W hJCifwaaa gmo. HapSS 
arils were infected wi* vTF7-3 alone (lane « J^*^ 
vTF7-3 »n4 pTrKyC^-Luc - Clooe 2), wpTrtC^WU= Cans 3). 
wpTHC/C-Luc r (lane 4), wpTHC/C^tn-Uie^ fianft 8), vypTW 
Cp-l-wo- Oawi 6) «f wpTHOCF*ni-Uc-r (feme 7) at an ro«* of 
6 oJUi. per cell. At 6 h p i., cdls we lysed in hicitewe ceH ewh 
n, w lysis reagent. Tlwn, the proeww of th» ceH lysatea w«r* sepa- 
rated by SDS-PAGE (10% poiyawyiamtde g«0 and revealed by 
Wsaiefn btet^ng uahg aim-C mAb (A, C) and aiWHuc mAb (BX 
Of i|w CM earaeis. 4 pi was measured for h»e»e«ai activity. 
Offoording ♦» »h« m»nwf«eturof'd protocol (PramBQ*}, «md *• 
resulting values in parcentagas are iiiustrared in i0\ The moteo^ar 
masses 0J3a) Of the differenl profains are indicated on the right- 



Detection of the F protein In HepG2 cells 

Taking advantage of die data described above, and to 
characterize further the expression of the F protem W 
mammalian cells, pUsmids containing the sequence encod- 
ing the first 163 a* of the capsid protein dowastteam <fi *e 
fiCV 5'UTR were constrooed with or without mutations m 
the setiucnce of the HCV capsid prowin- Because no 
antibodies were available against the F protem, the 5 "^ en f e 
of the Myc epitope was introduced in-frame with the 
C-ierromal sequence of the predicicd F prowin (Xu a «i, 
2001). Hasmids with wUd type {+) and mutant Im) 
sequences, cotrespondw* to pTHC/CP-myc and pTHC/ 
CPm-myc. respective^, were consttocred (Fig- 3A). To 
analyse the expression of the P protein in mammalian cells, 
HepG2 cells were infected with recombinant wcani* viruses 
wpTHC/CF-myc and wpTHC/CFm-myc. The productt 
expressed by these viru»» were analysed by SDS-PAG6 
followed by Western blotting using anti-C or ann-mye 
rnAbs. as shown in Hg. 3(C, lane 3), a 17 kpa product 
corresponding to the scce of the F protein was repealed w«h 
rhe anri-myc mAb in cells infected with vypTHC/CFrn-myc. 
ti» contrast, no product ws* 4etected with this mAb when 
the cdls were infected with wpTHC/CF-myc (Fig- 3C, lane 
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Fig- 9. Tagging experiment* with the Myc epitope. (A) 
Schtwtwttic representation of the eonwrunw used for me tag- 
ging experiments with /jnyc. The emir* HCV IRES and part of 
the ttCV capstO-encoding, sequences *ers stoned into pTHC. 
The C wmiinuA of me F pfWein tagged wim the Myc ftph 
wpe, (S, Q HepGa cells were infected with vTF7-3 alone 
(fane 1) pr wHnfected vTF7-3 and wpTHC/CF^m^c Oane 2), 
vvpTHC/Cftrrmyc (One 3). wnwe-C^r, (Jan* 4) Or 
fV,©t (fena 5) « an nwa-i. Of 5 p4\*. per ceil, infected cefc 
were i^sad at 8 n ju Proteins were geparwed SDS-PAGE 
and then revealed by Western blotting using antrC roAo (9) 
and antrmyc mAo (C). 



2), In addition, a band of IB kDa corresponding io a 
truncated form of the capsid protein (Ci- (W ) was revealed 
with the anri-C mAb (Fig, 38, terte* 2 and 3). Recombinant 
vaccinia viruses expressing HCV Q^ m or F,» |fil protein* 
tagged at their N terminus with the Myc epitope were used 
46 controls- The sequence encoding the F W4frl protein was 
based on its reading without the first amino add? of 
the HCV apsid protein. Modifications in the stretch of A 
residues were introdu<3ed in the sequence in order to avoid a 
possible ribosomai fiameshift (codon* 9-H). as shown in 
Pig- 3(B, C, lanes 5), the Jv w protein (17 kDa) >w 
detected only by ami^myc mAb 7 while the tagged capsid 
pwwin was detected with the antwC and anti-myc mAbs 
{Fig.3&C,lane4). 

These data we in agtwment with the in vitro experiments 
and confirm that a fraxnohift occurs in vivo n least wkn 
some mutations are introduced in the wpsid-encoding 
sequence. In this particular case, nuidificationi of G-*Aand 
C-*a at m 367 and 373. respectively, lead to the formation 
of a perfect heptanucleodde sequence, which <»»ld fctf 



considered ss the fa*i element necessary for the ribosomal 
frameshift md could be assimilated to the slippery sequence 
(see Discussion). 

Analysis of F protein stability 

Wc also wanted to determine whether the F protein h stable 
during its translation in mammalian cells. The expression of 
the F protein was analysed in pube-cbase experiments by 
infecting fiepG2 cells with th* recombinant vaccinia virus 
vvpTHOCFm-royc As shown in Fig- 4(A), the level of 
expression of the F protein decreased very quickly. After 
15 min of cbas*v the intensity of the band was already very 
low. The estimated half-life of the £ protein was approxi- 
mately 10 min (Pig- *a). a decrease in the amount of the 
F protein was also observed when the JfcpG2 cells were 
infected with the recombinant virus wmyc-F ^ rtJ (Fig. 48), 
However, after 2 h of chase, 20% of the F protein was still 
detected, suggesting that overexprestfan of die p protein 
might reduce its degradation. The capsid protein tagged 
with th* Myc epitope a* its N terminus lmyc*C,. J73 } was 
used as a control As shown in fig- 4(C), this protein was 
very stable during die same pi&e^chase conditions 

Degradation of most proteins in mammalian cells occur? via 
the proteasome (Lee & Goldberg, 1998J, which degrades 
both short-lived proteins (r, /a <3h) and mote $qjWe 
proteins oft or days)- Investigation of prowin turnover 
has been fecBitated by specific proteasome inhibitors like 
lactacysrin or MG132. In thi* 5tady, wc wanted to address 





* „i* * w iaa mi 



J=l». 4. fepreoaon of F-myc, myo-<V, 73 and nnyc-F,-^ 
anajysea h pute*-cMsa eipednwrna, H*pG2 expz were cc- 
«fected wjm »TP7-3 end (A) wpTHC/CFrrHnyc, QD wmyc^ 
ti-^q, or (C) yvroyc-C t _ l7 , 3T an m.o.1 of 5 p4A*. oar call, 
{nfected cefta wer* OMtse-lehelhid fw 10 min chased for 
tha tirne^ incfiCflM. CeU lyssro* were imroyfKjp^p^ted with 
anirp^rc mAp. Samptes wer© a^mted SOS-pAQ^ (i§(fc 
poly«cfy(amfcte 9ef>. 
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Fiff- *. Pulea^chase analysis of me F-myc protein win th& pre- 
taasoroe inhibitor H<?pG2 cells were co-infected with 

vTF7-3 and vvpTHC/CFnvnwc ai an nw of 5 p.f«. par ce«. 
At '\ w before pdse labening, MG13S (2 pM> «aa sdd«d to We 
infected eette. Infected cans ware than puteHabeUed tw 
lOfTM'n and chased, as tndicawxl before, tn ibe presence of 
IrthtoiKK. CeH ty&ate* w&fe tmrnuftoprecipiistea with amrmyc 
mAb, Sample* ww* separated by SPS-fAGE (iS* potyacryl- 
amid* geO- A control ejqawimenT in The absence of MO 133 
wae also earned am (ds*a not shown). 



the question of whether the proteasotne partway could be 
involved in die degradation of dn> prorata. The proteasoroe 
inhibitor MG132 was used during infection of HepG2 cells 
with both recombinant vaccinia viruses vTF7-3 and wpTHO 
CFra-myc and cells were puke-labdied as described above. 
As show in Fig. 5, the degradation of the F protein was 
markedly inhibited by adding ihe proteasome inhibitor, 
indeed, th* amount off protein was stable duping the pur- 
chase experiment. Thus, thes<c results seism to indicate a rok 
of the prorcasorne pathway in the turnover of this protein. 
Rased on these results, we reinvestigated the expression of a 
frameshifed protein in the absence of any mutation in the 



presence of the proteaso* ne inhibitor MG132. Indeed, it is 
possitHe that the absence of detection of die F protein wUh 
the wild-type construct could be due to a rapid degradation 
of this protein during its expression. The puke-chase experi- 
ment was done under the same conditions as described 
above However, ev*n Ui die presence of the proteasome 
inhibitor, the f protein was nor detected Idata not shown) . 
These data indicate that the lack of detection of the F protein 
in ihe absence of any mutation is not due to a rapid 
degradation of this protein. 

Ifltracellufar localisation of F protein 

As a next step in the characterization of the F protein, wc 
analysed its subcellular localization- Kg. 6 illustrates the 
uirounostaining of wpTHOCF-myc tfig. 6C f 0) and 
wpTKC/CFm-myc (fig. 6E r f) infected HepG2 cejjs 
observed by tromupoflw»wocnc« using die anti-C inAb 
(Pig, $A, C and E) or anu-ruyc roAb (Fig. 6B, D and F). As 
expected, immunofluorescence staining with anti-oayc mAb 
wa$ detected with the vvpTHOCFm-myc recombinant 
virus (Fig. 6F). Reactivity was localized mainly in die 
cytoplasm and in some cells the reactivity had a pet inudear 
distribution- The tminunostawing experiment wiih rij* 
anti-C mAb was used as a control of (he expression of 
the capsid protein. Reactivity against the capsid protein 
was localized in the cytoplasm. Reactivity of ihe ami- 
myc and amt~C raAbs was also performed with control 
vTF7-3-infected cells in ordet to evaluate the level of 
background immunostaining (Fig* 6A, B). 




Fin, Detection erf the F protein by indirect 
irnrnunofHiwascenc*. Subeonfluem Hep6$ 
«rila grown on coversljpa ware infocwd with 
vTF7-3 alone G\ B), vTF7-3 and wpTHC/ 
CFrnyc (C, 0) or vTF7-3 and wpThC/ 
CFifn-inyc {£, O «t a nvo.; of 6 p.tu, par 
cell ai B h p-"»- f celi$ were feed for 10 rnin 
w'rth pwafcrmsldfihjde (4% in P9SX per- 
nwoi(aed for 30 nun wrth Tnton X-iOO. and 
lap^Hgd with am»-C mAb Wilmed 1:300) 
{secondaiy amfcpoy: Rh0dam»ne Bed-X- 
conjueaied Ffeb'fe fragment donkey anrr 
mowee IgG <A. C and B Or anH-rnyc rnAn 
(oHuied t;i00JO # 0and OJ. 
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Our data reveal that the F protein, P^^^HS? 

in the capsi4-cncodwg sequence. When e^r*** 1 a^u , 
^ orS\ shorHWcd compart to the other HCV 
^hmann *r * 2001) and us degradation 
involves the proteasome pathway. 



Reporter Byrnes, >ucb 4, luciferase, CAT and * 
JlUosia^e, are used commonly tit wa and m virm 
Eor, 1999). Such enzymes are u°t expressed naturally m 
SUian ceils, making them useful 10 study gene 

J^STLi cell*. ^^"^t^T^S Ts 
thk *i4y have reveled that the nbosomat fi»» 
m ddm when mutations at m 367 (codon 9) jm<^3 
(codon U) «e introduced i*thc ^-ca^^u^ 
compared to the results obtained with the wiM'typ* 
sequence. The ludferase activity determined w j Vivp v<as 
about 16% relative to the control construct and was less 
ft» that observe in vim> (30%). This lower 
observed in mammalian cefc i* no? unusual and can depend 
on the genes and the expression systems used (Ivanov et 
2000). In our study, tagging the C terminus of the P pjntno 
has made its detection easier in mammalian cells by 
immunoblot or immunoprccipitation analyses Our results 
have shown that, besides its expression in an w vitro system, 
the F protein can be expressed also in mammahan c* lis. 
These data we reinforced by the fee* that antibodies directed 
raainst the F protein are present in some patient sera, 
indicating that the F protein is produced during a natural- 
HCV infection in patients (VaraWiou ex «J. T 2002; Xu 
#r^200i). 

The molecular mechanism of frarneshifting leading to the 
translation of the HCV F protein remains to be determined. 
However, given the data presented in this study, it could be 
concluded mat the modifications at m 367 and 375 do not 
stopfer tacrcase etikiency but are necessary fcr the pro- 
duction of the F protein. InismringJy. a similar observation 
was made using the sequence of a HCV genotype lb (daxa 
nor shown). Modifications of codons Arg-*J-ys (codon 9) 
and Thr-^Asn (codon U) lead to the modification of a 
G->A (nt 3&7) and a C-*A (nt 373), generating an A-ricb 
region (10 A residues) between nt 363 and 374 of the HCV 
sequence- In this context, a dippery sequence can emerge 
from this region. Indeed, defined initially by in vitro trans- 
lation assays, two structural rooufe in mBNA have been 
characterized as important for an efficient -I ribosomal 
rraiwrshifr (Briettey, 1995; Pinman, 1995; Gesteland & 
Atkins, 1996). One is the slippery sequence, the heptann- 
cleotid* XXXYYYZ IX is anybase,Y is A or U and Z is not G) 
(Jades ex aU 1988), and roe other component is a down- 
stream UNA structural element, either a simple hairpin 
Sttucture ojr, more frequently, a pseudofcnot (Chamorro 
#r *J., 1992; Jacks et *L. 1988; ten Dam ex 1990). In 
contrast* the +1 ribosomal frameshift in the yeast retro- 
transposon Ty inquire* only a short slippery sequence with 



a rare codon in the original reading frame (Bclcourt & 
i7 1990}. frameAiftms in human .mmuno- 
SScVvitus requires only the short slippery sequence 
ISSS^t^ with hs predicted stcm-4oop srruc- 
tui (Wtom crl W This unusual process occurs d» 
among other viruses, indudmg coronavtruses (Brierley, 
Herold & Siddell, 1993) and human astrovuus sero- 

^ codon AGA CAxg) to AAA tLys) is also **&cxem to 
vino ^expression of the F « *r * 
1994). This muwuon creates a heptanudeoude sequence 
between nt 364 and 372 or KB and 374- As mm 
introduced in this region may recreate a funcnonai «*PP^ 
Luence, as described for other viruses, it can be suggested 
ito* $m sequence confutes the first control efcmem fcr 
xhe trandation of the F protein. Comparative studies of the 
sequence of the codons W4 reveal that these codons are 
abo very conserved among me HCV >^w, 
the importance of tbi* region (Rijnbrand & Lemon, 2000). 
However, if the slippery sequence can be suited, no 
available data allow us to determine whether an RNA struc- 
tural ekment is aUo necessary for the ribosomal framesrurt. 

Interestingly, the F protein b very unstable when expressed 
in mammalian celU The degradation of most proteins m 
numrnalUn cells occurs via the ubiqmtin-proteasome 
pathway (Ue & Goldberg, 1998). Under these orcum- 
stances, ubiqumn is linked covalently to the proteins and i> 
then targeted to a large muluproieinase complex (700 Wa) 
that constitutes the catalytic core of the 26S prowasome used 
as an intracellular protein-degrading machine of cujfiaryonc 
organisms. The proteasome is essential for the normal 
turnover* of regulatory proteins that controls cell growth and 
metabolism or is necessary for the removal of damaged or 
mutated proteins (Molinari er al, 1999) . Since the discovery 
that lactacysiin » * P° t€nt ^Wtor of the proteasome 
CFenteany er al, 1995), different novel proteasome inhibi- 
tors, lite MG132 or proteasome inhibitor l> were developed. 
In our study, pulse-chase assays indicate that the decreased 
protein level of the HCV V protein in mammalian cells vs 
due 10 proteasome degradation, A specific inhibitor of 26S 
proteasome activity blocks degradation of the F protem 
during its translation and stabilizes the level of its expres- 
sion* It is possible that the F protein expressed under our 
experimental conditions is not folded properly and is, 
therefore, targeted direcdy for degradation, as observed for 
some damaged or mutated proteins (Molinari er «L 1999). 
In this way, it would be very interesting also to determine 
whether HCV proteins could be involved in the stabilization 
of the F protein. Alternatively, it is not the F protein itself 
but some of m degradation produa(s) mat might play a 
functional role in the HCV life cycle. 

No function has been attributed to the F protein yet- Its 
localisation in the cytosol suggests that this protein plays a 
functional role in ttus compartment- However, we cannot 
exclude that it moves to another compartment, e.g- the 
nucleus, after interacting with a celluUr component- Its very 
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low kvel of expression ia the absence of any mutation 
suggests that the F protein might also be expressed at very 
tow levels in HCV-infeae4 cells, which is not in favour for 
a role of this protein in virus assembly. Interestingly, 
mutations leading to higher levels of expression of the F 
protein £t ytVo can be observed in HCV isolated from 
chronically infected patients with HCV-rHated hepato- 
cellular c^rrinonja, leading to the hypothesis that higher 
levels of F protein expression might be linked to virus path* 
agenesis. Further studies on the F protein should bad to a 
better understanding of the roie of this protein in the HCV 
Jife cycle and in pathogenesis. 
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SUMMARY Hepatitis C virus tHCV) detection m the liver* gf chronically infecteq patients 
remains a debatable issue. We used immunonistQcnemistry. in situ hybridation flSHJ alone 
or arter microwave nesting with FiTC-labeied probes. RT-PCR with unlabeled primers fol- 
lowed by iSH (ftT-PCR-lSh), and in situ RT-PCR with FlTCMaoeiea primers {in situ RT-PCfta) to 
localize the virus m 38 fiver biopsy specimens from 21 chronically infected HCV patients 
treated witn rnterferon-a (iFN-a). Biopsies were taKeo at the beginning end end of iFN-a 
treatment ana 1 year later. Results were compared with that of HCV-PCR in sergrrt. RT-PCR- 
iSri ancj m sjiu RT-PCRd snowed liCv signal in all Hver biopsies even in responoers witn se- 
ronegative HCV PCR This signal was intranuclear, diffuse, or peripheral, in hepatocytes, 
Dlfe ductule cells, and lymphocytes. Cytoplasmic signals were occasionally Observed. Whereas 
the percentage of labeled nepatocytes remained constant, me number of labeled lym- 
phoid follicles decreased after |NF-a therapy, immunohistocriemistry resulted in the same 
partem of posaivity but it was weaker and inconstant. This study indicates the persistency 
of HCv latency in IFN-& responders l year after lFN-a treatment cessation, a finding that 
certainly deserves confirmation. (I rHstochcm Cytoehem ie$6) 
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H£Fatti'is C virus (HCV), a positive-stranded RNA 
virus and member of llu? Ftevbldae family, has been 
reported to be the major causative agent of chrome 
HCV hepatitis. Liver-related death has been reported 
to occur in 20-25% pf patients with cirrhosis. Inter- 
feron-** (IFN-a) is currently used as an antiviral agent 
for the treatment of chronic hepatitis C. However, 
only 50% of the treated patients respond to therapy 
and only 20% sustain a response [Houghton 1996). 
Aliliough several techniques have been used to localize 
HCV in the l|ver f their reliability has not yet been 
proved. Immunotmtochemistry (IHC) has limited sen* 
sitivlry for detecting HCV proteins. In situ hybridiza- 
tion (ISH) is also insensitive because HCV replication 
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is very low, estimated at about 20 copies per cell, which 
is at the detection limit of nonradioactive probes 
(Werner et al. 1990). Recently, in situ amplification 
techniques after reverse transcriptase (m situ RT-PCR) 
were tested either with direct incorporation of labeled 
nucleotides or primers (in sitw RT-PCRd) or with un- 
labeled primers and nucleotides followed by ISH (RT- 
PCR-ISH). Intracellular viral localisation by these dif- 
ferent techniques has led to conflicting results; it may 
be peri- or intranuclear (Nuovo 1994) or cytoplasmic 
(Barba et al 1997). HCV has been detected in hepato* 
cytes alone or w some bile duct cells, Kupffer cells, 
and portal lymphocytes. 

The aims of the present study were to localize HCV 
by in situ molecular hlology techniques (ISH, in situ 
RT-PCRd, and RT-PCR-ISH) in the livers of patterns 
with chronic hepatitis C. to compare results obtained 
by these techniques with IHC detection of the viral 
protein (the superoxide diswtase-HCV recombinant 
polypeptide C100-3), and to compare these data to 
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those of RT-PCR detection of HCV m serum before 
and after IFN-ct therapy. 

Materials and Methods 

Patient Selection 

Twenty-one white HCV-conttrmed seropositive pauents (1 i 
women and 10 men) were selected for this study, as all had 
sera collected at the tune of each Hver biopsy. The median 
age was 33 years [range 21-60 years). Faqem* received the 
same therapeutic Treatment fINF-ot) for 6 or 12 months. The 
criterion for INF-a treatment was a persistently elevated se- 
rum alanine transaminase (ALT) for at least 6 months. None 
of the panems was seropositive for HIV or HBV. None hact 
received previous treatment. For each paqent. ALT level de- 
termination was performed at the same nme as biopsy. 

Tissue Sample Processing 

J-4ver Rapsies were attempted at three urne pomps: ju*i be- 
fore INF-a treatment (Bl) (n - S), at treatment termtnaqon 
(P2) (n = 13). and 1 year after treatment termination (83) 
(ji = 17) In total. 38 biopsy specimens were studied- Five 
patients were able to tolerate all three biopsies, seven under- 
went initial and second biopsies, and 10 underwent the second 
and trurd biopjoas. 

Tissue specimens were fixed m 10% formalin and then 
paraffin-embedded. Liver samples from alcoholic and hepa- 
titis & patients seronegative for HCV antibodies and for 
HCV RNA, as well as neterologous tissue samples (e.g., sali- 
vary glands and ga&tnc tissue) from these same patients, 
were used a* negative controls. Intrahepatic HCV detection 
was compared with HCV detection m uach corresponding 
serum sample. 

Serum Evaluation of HCV 

Two methods were used on frown serum specimens, (a) 
HCV RNA quantification by the bDNA method, only posi- 
tive for at tease 0 35 x 10& viral copies/ml. was performed 
with the quantitative bDNA signal amplification assay 
iQuantiplex TM HCV RNA 1,0: Chiron Diagnostics, Em- 
eryville, CA) at each time point. All samples were run in du- 
plicate, (b) If the bPNA qwanafication remained negative, 
the Nested RT-PCR was toted (AmpUr-Or TM HCV; Roche. 
Paris, prance). 

In Situ Motecular Biology Techniques. Primer* and probes 
were all located m the same 5' non-coding region of the 
HCV genome. Unlabeled and 5' FITC-Ubeled oligonucle- 
otide primers were used. Firvt, 2Q~mer primers were synthe- 
sized by Genset (Parte. Prance), They trigger amplification of 
a 2fi0*w product and correspond to the outer oligonucle- 
otides sequences used by Feray et a], (1992); sense. 5' GCC 
ATC GCC TTA GTA TGA GT 3' (recograzjng codons 260- 
241) and and-«ens«, 5' TCC ACG GTC TAC GAG ACC TC 
3' (recognizing codons 23 to 3) The 36-mers tSH 5' FlTC- 
labeled probe complementary to the ampHcon was 5' ACA 
CCG GAA TTG CCA GGA CCA CCG CGT CCT TTC 
TTG 3' (codons 177-H2). Other commercially produced 
oligonucleotide primers (either 5' FITC-Ubeled or unla- 
beled) were provided by Argene (Varrofes, France); sense 
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(MJIG, 21-mer), 5' GAG GAA CTA CTC TCT TCA CGC 
3' codons 292-271) and anti-sens* (MJ2P. 22-mer), TCC 
ACG GTC TaC CAG ACC TCC C (codons 24 to 2). In this 
case, two different 5' FITC-labeled probes KB2 and KB5. IS 
men each, were used, complementary to the latter ampltcon. 
As internal positive control we used the p-acun RNA. 

In vim hybridization was performed in a moist chamber 
for 18 hr at 37C with all the FITOjabeled probes. About 20 
ng of probe was applied per section. To detect the hybridisation 
complex, slides were incubated first with mouse and-FlTC 
antiserum, second with rabbit ami-mouse irninunoglobuhns. 
and then with a mouse anu-rabbit monoclonal antibody 
linked to APAAP complex (Dafcopatts, Glostrup, Denmarfc). 
Alkaline phosphatase acuvity was revealed using NBT-BClP 
diromogenic substrate. In some cases, derate anqgen retrieval 
by microwave heaang before ISH was performed, 

In Situ RT-PCR Method. As recommended by Nuovo (1994). 
ps«ue sections were treated overnight with an RNase-free 
I>N«c Miuaon <1 UAul «i 37C; Bo^fingcr Mannheim. 
Meyjan, France) before reverse transcription- They were 
then incubated m a thermocyder (PTC 1 00. Research Inc. 
Watertown, MA) with 10 ml of a solution containing buffer. 
MgClz, the anti-sense pnmer (1 rnM). reverse transcriptase, 
RNase inhibitor, and dNTPs UwcK solution 10 mM each) 
according to the manufacturer's recommendation (RT-PCR 
tat provided by Perkin-Ehuer, Norwalk, CT). PCR arnpUfi- 
cation was performed in all samples according to our previ- 
ously published protocol (WalKer et al. 1996) with unla- 
beled or labeled primers. For most samples, amplification 
was also performed using another thermocycler (Perkm- 
Elmer). Jn situ RT-PCR products with labeled primers were 
directly detected, and RT-PCR products with an unlabeled 
set of primers were revealed after ISH 

As controls for in situ PCR Uver tissues removed from 
HCV-posjuve patients who had a high expression of viral 
nucleic acids serve4 as iruual posiqve controls. Negauve 
controls included (a) omission of the reverse transcription 
step anoVor DNase preqreatment, (h) incubation of slides w 
an RNase soluaon immediately before reverse transcription, 
(c) for the aniphficaaon. omission of die DNA polymerase 
or primers and incubation of the hver tissue with DNase be- 
fore PCR amphftcauon and ISH, and (d) the u^e on HCV in- 
fected hver of heterologous human papiUomavirus-relaied 
primers for amplification followed by ISH with HCV probes 
or of heterologous HBV probe after amplification with HCV 
sets of primers. HCV primers and probes were also applied 
to Uver and heterologous qssues (gastric mucosa, salivary 
glands) from HCV-nega&ve patients and to rat hver. Positive 
controls of PCR ampliftcaoon included performance of RT- 
PCR-CH with p-actin primers and an rTTC-labeled actln 
probe. The presence of HCV was also verified by a standard 
RT-PCR assay performed on homogcnateii obtained from 
frozen liver tissues of several patients. 



Immunohistochernjstry 

Two mouse monoclonal antibodies (MAbs) corresponding 
to clone Torcyt 32 and to a mixture of clone* Toruji 22 and 
32 were used (Clonatec; Paris. France). They recognize tfte 
superoxide dismutase-HCV recombinant polypeptide (Ortho 
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Diagnostic CI 00-3 Elisa kit). Section* wft treats wirh pri- 
mary MAb at 1:50 diction for I hr at RT, then with second- 
ary biotinyiaied norse anu-moui* IgC (Vector Laos, Enrhn- 
game, CA) aod with the avjdin-biotin-peroxidase complex 
(Vectastajn ABC kit; Vector Labs) Specificity of imniunore- 
acwon was tested by omitting primary antfjxKtww, Citrate 
antigen retrieval by microwave heating before IHC was per- 
formed in all cases. 

Quantification of In Situ RT-PCR Results and 
Statistical Analysis 

For each biopsy, counting of HCV labeled vs unlabeled 
hepatocytes was done in 10 microscopic fields at x 400 
ma^roncatiort Counts were expressed as percentage of la- 
bel^ hepatocyies. The surface of the specimens was roughly 
estimated by measuring widcfr and length. The number of 
lymphoid follicle* m each biopsy was counted and was ex- 
pressed per 10 tnm 1 Counts were made by two independent 
observers- All values were expressed as mean s. 1 5EM- Dif- 
ferences in results between responders vs non-respondera and 
different tune* (Bl, B2, B3) wv sitatfcucally analyzed by rtw 
nonparamecrit: Mann-Whitney tAtest for indepfinopnt popu- 
lations. Results relative to the same subjects were compared 
by the pawvd data im. Level of significance wa* set at /?<-Q!x 

Results 

Histology 

Histological features proved the chronic hepatitis with 
portal nodular lymphoid infiltration and patchy ne- 
crosis (Figure 1). Patients were classified as respondent 
to = 12) to INF-* vs non-respondei* (o = 9), The re- 
sponders showed a normalization of serum ALT levels 
persisting I year after completion of INF-a; the non- 
responders had elevated ALT. Responders had a sig- 
nificantly decreased number of portal lymphoid folli- 
cle* per 10 mm 2 of liver tissue in B2 and £3 biopsies 
compared to Bl (Table 1). Four of the five patients 
with all three biopsies were responders Time-course 
evolution In their livers of the numbers of lymphoid 
follicles showed the same significant variations as those 
observed in all responders (Figure 2). 

Serum RT-PCR for HCV 

RT-PCR results were clear-cut (Figure 3). At Bl, all 
patients were seropositive. At B2, no responders had 



655 




figure i histological alterations »n Uv&r fnopsy specimens of riCv 
cnroniG rtepautp at 81 tima The portal area contains a nodular 
lympnotyuc irrfitwaia wirn patcny necros* (Mayer's hemajum- 
fiosin-saffron) &ar - 3Q f»m 



measurable HCV copies per ml by bPNA assay, but 
One patient was seropositive by nested RT-FCR In the 
non-responders. one was transiently seronegative. Ac 
B3, all responders were seronegative and all non- 
responders were seropositive with relative increased 
copy numbers compared to B2, 

In Situ HCV Detection 

JSH, JSH was negarive with both Genset and Argene 
probes. A slight but inconstant signal was noted when 
microwave prerreatment was performed. 

Zn Sim RT-PCR. The signal obtained by in situ RT- 
PCR4 and by RT-PCR-ISH was identical in the 38 bi- 
opsies, regardless of primers and probes utilised {Fig- 
ures 4A-4E). Localization of HCV RNA was intranu- 
clear, with either a diffuse or a peripheral pattern- 
Signal was generally strong in many hepacocytes ana 1 
in nuclei of bile duct ceils and portal lymphocytes, al- 
though in the latter case the number of labeled nuclei 
was lower. A signal located on the cytoplasm was also 
sometimes seen, especially with RT-FCR-ISH (figures 
4 A, 4B. and 4£). No difference was seen between re- 
suits obtained with the two different thermocyclm. 



TaMe 1 Evolution of HCV in s»cu RT-PCR signal in hepatwytes and lymphoid faiiicus* in responders and nort-raspondprs in the 
course of *FN-* treatment* 
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Number of In situ RT-PCR 
labeled lymphoid follicles 




figure 2 Numbers pf iympoatf foHicles m hver toopaes at &1 (oe- 
Izjier) m trwt same four patient* vespctfdmg iq iFN-a merapy 
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rt-pcr was perftirmea. indicactna oni* me presence or *P>#nc* of 
virai RNA in serum. 



Controls Controls for each step confirmed the speci- 
ficity of signal. No signal was seen for RT-PCR-ISH 
an4 m situ RT-PCRd when RNase or ON a*? incuba- 
tion was performed before or after reverse transcrip- 
tion, respectively. For RT-PCR-ISH. postampiifica- 
tion signal was abolished by incubation with DNase 
before ISH (Figure No signal was seen with heter- 
ologous probes or primers by in situ RT-FCRd or RT- 
PCR-ISH on HCV-seroposinve patients' livers and 
also with homologous primers and probes on HCV- 
seronegative patients' livers (Figure 4G). HBV-positive 
liver biopsies sometimes had slight staining of the nu- 
clear membrane with HCV probes and primers, quite 
different in intensity from that observed in HC V-posi- 
tive liver- 

Quantification of RT-PCR Signal 
On the 38 hepatic biopsies studied, there was diffuse 
panlobular distribution of positive hepatocytes with 
variable staining intensity. Importantly, responders 
continued to have HCV nuclear signal at B2 and 83 
times (Figure 5). The mean percentage of labeled 
hepatocytes in those patients remained constant {50- 
60%) and did not differ from non-responder values 
(Table I). This was also checked In the four responders 
who underwent 61, 52, and 63 biopsies. Nevertheless, 
in all responders, not only did the number of lym- 
phoid follicles decrease (Table 1J but the nuclear in- 
tensity labeling and the number of labeled nuclei in 
these lymphoid follicles were diminished, although no 
quandhcauon was performed for rius last variable. 
HCV RT-PCR assays were also performed on RNA 
extracted from frozen Uver biopsies of four patients at 



B3. All these patients, mciudmg one responder to IpN-a 
therapy, appeared posuive for HCV. 

Immwnohiswhemicai Results 

The results were similar regardless of the anubody 
used. Treatment of slides by microwave heating did 
nor improve signal speciflciry. The legalization of signal, 
as wirh in situ amplification RT-PCR, was intranuclear 
in hepatocytes, bile duct cells, and portal lymphocytes 
[Figures GA-6C) and occasionally cytoplasmic {Figure 
6C). However, the immunoreactiviry in hepatocyte 
nuclei was sometimes very weak (Figure 6B), and the 
number of labeled hepatocytes was always less than 
that seen with in situ RT-PCR. In addition. !HC was 
relatively insensitive because half of the samples from 
HCV livers at Bl were negative (Figure 5), despite the 
presence of HCV signal by in situ RT-PCR Jt is note- 
worthy that IHC positivicy also persisted at B2 and B3 
in most responders. No signal was observed in heter- 
ologous tissue or in Uver tissue from HCV-negauve 
patients used as controls- 
Discussion 

Our results are in agreement with previous findings 
describing viral localization at the perinuclear mem- 
brane (Lidonnlci et al. 1995) or within the nuclei of 
hepatocytes (Haruna et al. 1993; Noun-Aria et al. 
1993). We noted with RT-PCR-lSH, but rarely with 
in situ RT-PCRd, as already observed by Noun-Ana 
et al (1993) and occasionally by Nuovo (1994). a dif- 
fuse and inconstant staining within the cytoplasm, al- 
ways associated with the nuclear signal. However, in 
our opinion, the specificity of the cytoplasmic signal 
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Figure A (A) Uver biopsy of a non-responder patient at the and of If N-a treatment {62j after RT-PCR-Gh v/rcn FfTC-iaoeiea procs, at low 
magniOcauon- In this strongly positive area, intranuclear signal is seen in many hepatocytes, lymphocytes, and biie duct ceils (no counter- 
staining) Bar = 30 jim. (B) Same liver biopsy at lugrwr magnification. The signal is evictent over me nodei of nepatocytes, btie duct celts (ar- 
row), and lymphoid cells, and atso within tne cytoplasm of hepatocytes {no oownterscainin^). Bar • 30 |im (C) In s+ui KT-PCRd vim FITC-ta- 
oeteo* prtfnfirs 1 year after treatment cessation 03) in a responoer s liver. Strong rtuqear signal is present in a diffuse or marginal pattem- 
Ho cytoplasmic signal is seen (no counterstaminbk Bar - 30 nm. <D) Same liver Biopsy at higher magnification. Bar - 10 jam, (B In &w RT- 
PCRd m another responder s liver at 63. Signal is consistently intranuclear out weaker cytoplasmic staining is also evident (no counterstatn- 
irtg). Bar = 10 yum. OF) Uver oiopsy from a non*esporjder at Pi- In sfco RT-PCR-I5H signal is abolrshed with postamphfication DNase incuba- 
tion (no coumeraarning). Bar - 30 jim (G) Liver oiopsy from an MCv-negaove patient with alcoholic cirrhosis. After in situ RT-PCRd T no sig- 
nal is visible (Mayers herTiaujm-eosin). Bar = 30 *im_ 



rather doubtful and could be due to some back- 
ground. Nevertheless, it was not possible to totally 
eliminate ft In spite of many high-stringency washings. 
Some authors (Komminoth et aL 1994) stated that the 
in situ RT-PCRd is not reliable and the nuclear signal 



not specific because in cheir control experiments, 
omitting primers yielded positive nuclear signals simi- 
lar to those they Observed with primers. In our experi- 
ment, omitting primers indeed yielded negative results 
and all controls confirmed the specificity of the signal 
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Figure 5 Digram snowing xhe numper of posture patients for 
HCV detection t>y m atu ffT-PCR (A) iina ttlC (B) ac B1 . BZ and 03 By 
tn *itu RT-PCR. liCv detection was positive *t an time points for ie- 
sponoarsanq nan-responders. positive signal; negrouK!Mgnal. 



reaction- It must be pointed out chat Nuovo (1994) 
obtained the same perinuclear signal with a direct in- 
corporation of digoxigenin~labeled nucleotides during 
the in situ amplification and with primers other than 
ours- 

In the literature, HCV was found mainly in hepato- 
cytes (Negro et ai. 1992: Haruna et al 1993; Nouri- 
Aria et al. 1993, Uu et al. 1994; Gastaldi et al. 1995) 
but also in Kupffer cells (Nuovo 1994). mononuclear 
cells flMouri-Aria et al 1993: Uu et al 1994), sinusoi- 
dal cells (Nouri-Ana et al. 1993) and bile duct cells 
(Nouri-Ana et al 1993). although rarely (Nuovo 1994). 
Our own results confirm most of these localizations. 
Unlike Park er al (1996), who obtained inconstant re- 
sults by performing RT-PCR assay after HCV RNA 
extraction from tormol-fixed, paraffin-embedded liver 
biopsies, we had no problem of sensitivity with the in 
situ RT*PCR directly realized in such liver tissues. 
These authors postulated that formalin-induced cross- 
links may inhibit extension by reverse transcriptase. We 
also suggest that RNA extraction after dewaxing at 
high temperature coula induce a large loss of HCV 
RNA copies, leading to false-negative results. 

As already reported by Chamhan ei al. (1993), the 
tlrsr results obtained by IHC with antfsera raised 
against either HCV structural and nonstructural pro- 



Waiter, Dzzza, Uaugv. Boucher, Bedel Henln, Lehy 




Figwes mC witn monoclonal anti&oaias again*! superoxioa g>s- 
Fnucase-HCV recombinant polypeptide (Cioo-q protein) clones Tortjj) 
22 and 32 (courrwrsiain^ng witn Ma^er'* ftemalum). (A) A nuclear sfr 
nal is seen in the nudw of iwo nepaiaeytes P responded©] Nuc|ear 
signal in fewnepatc>cyH*ana in tt» duct cells (arrovvMC) Mver btcp^ 
of a non-responder pauvm at Bl- Tn* nuclear s*Qnat fe vfcoie m retf- 
uvMy nwmiirflus nuclei of hepfltocyre* Bile tiuciute cejfc and in tym- 
phoqytcs farrow). Diffuse cytoplasmic st&rung * also evident m some 
nepawcyuts and in ail quct ceils. Bar » 30 pm 
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wans, core sntigen, El- E2, envelope or NS3. 
NS4 and NS5 antigens showed a cytoplasmic signal 
(Hiramaisu ei al. 1992, Tsutsumi et «l- 1994; Ucrttda 
etal, 1994, Nouri-Ana et al, 1995: Barbae* al. 1997), 
When using the two MAb clones Tor<t)l 22 and 32, 
which are currently the HCV antisera commercially 
available (Clonaiec), Chamlian et al (1993) obtained 
exclusively a nuclear signal in hepatocytes. We con- 
firmed triis signal bur also noted some diffuse cyto- 
plasmic staining in liver samples displaying higher 
numbers of immunoreactive hepatocytes, AU control 
specimens were negative. However, IHC was less reli- 
able than our m situ RT-PCR techniques. 

In this work. HCV RNA was studied for the first 
time by in situ RT-PCR in infected patients' hvers be- 
fore and after lFN-a therapy If our findings reflect: 
me true HCV localization, they indicate the persis- 
tence of HCV la*«ncy vvitttfn rsspondur Uvers, «v«m I 
year after IFN~a therapy cessation- Although the num- 
ber of in situ RT-PCR-posiuve hepacocytes stayed 
quite constant in responders (about 50-60%), the 
number of lymphoid follicles decreased, as well as the 
HCV nuclear positiviiy in the lymphocytes. The two 
latter facts suggest that f as in other forms of chronic 
hepatitis, the lymphoid population in the liver is one 
of the factors that mediates disease activity (Navas ex. 
al- 1994) or relapse of ihe disease (Moldvay et at. 
1994). Several hypotheses must be raised to explain 
die discrepancy between serum RT-PCR and in situ 
RT-PCR results: (a) a JacK of sensitivity of serum RT- 
PCR (level detection 10* HCV genomes/ml) while in 
situ RT-PCR could evidence a very low viral copy 
uumber per cell, such as one or two HPV copies in 
Siha cells (Nuovo 1994), or (b) a level of viral replica- 
tion in liver too low to be detected in serum. This viral 
form, probably in a latent state, may explain the rela- 
tively high chronic hepatitis C relapse. Some authors 
(Saleh et al 1994) report negative RT-PCR assay in 
frozen liver tissues from responders to if N-a therapy. 
We believe that the conditions of the cryoprotection, 
the very low level of viral copy numbers, and the pres- 
ence in tissue of enzymes inhibiting the reaction may 
lead to false-negative results. In our experiment, RT- 
PCR assay performed on quickly extracted HCV RNA 
after liver biopsy was positive in one responder at 83. 
Certainly, our findings need to be confirmed by fur- 
ther investigations- In addition, we cannot rule out the 
possibility that the viral persistence is transient and 
that the virus does disappear in responder livers after 
a longer time following the IFN-ct therapy cessation- 



Acknowledgments 

Supported by me ARC, granc number 2003* 

We tfwwK Pr C- Oegow «md Pr P, Marcejhn for having 

given us ttw? opportunity to study HCV-mfected liver biop- 



659 

»r*i M. Mvirtinot-Pejgnoux for performing HCV RNA 
RT-PCR in serum. 



Uterature Cited 

Sams C Harper f . rlarada T, Koftara M. Coqjtnei S, Mapsuura Y. 
Eder G. Setoff Z. Qmpinan MJ. Miy4mura T. Prechw C (1937) 
Hepanils C viru* co* e prowm show* a cytoplasmic lombvauou 
<md associates to cellular lipid <$carage droplets Proc N>ll Acad 
Sci USA 94*1200-1305 

ChamUan A. B«*oel 1-. IfcoU JF. J, Jacop T (1993) Nix**? 

uronunrafeiiung of hepaan* C infested hepatoses with mono- 
clonal anybodies *o C 1 00*3 xionsw^cmr^ prottui. Comparison 
of uuntunogold aUvcr staining wub othci' mtmunohisiochcnwrdi 
nwawte Ceil Mol Biol 39 243-251 

Ftray C. Samuel P, Tluer* V. CigQv rVhon F. Bwmdi A, Rcy- 
nes M. Matoorinewve P. Bwrnoih H. Breenot C Reinfec- 
tion of Uvtr graft by tiepauus C virus after liver p-arupUmWion. 
JCJmJnvwi 894^1-1365 

CaamWi M r Massacner A. PJaneHs R, ftobagUa-Schlupp A, Porwl- 
Banoionw J. BoMrUere M. Qullid F. Fweni J. MazaHla £, Cau P 
U 995J Dewaon Py hi sua nypnaizaaon of ftepautn C v |n» Foa- 
my* ana negative RNA strana» w»aig digojugt-mrt-labeted cRNA 
propa> m huntAA liver cells j Hcpaiol 23 : 509-5 J 8 

rbnjrw V r Hayasht N Hmuiiarsu N. TaKehara T. Hagn^ni H. 
Se*aki Y t Kasahara A, Fusmitotci H. Karoada T (1993) DclwWOrt 
of he(>anus C v-roi f?NA m Uver wwnta by «i m s«a tvybruffza- 
ttoa wchm^un- J Hepatol 1846-100 

Hlramaisu N. Hayashl N. Harunu Y. Kasahar» At Purjdowj H. 
Mon C. Puke I, OKayama H. Kiinmiia T 0992) foarmnan**- 
lod^nucal <|w«CT»on of b«pati^ C wu3-Jnfecw4 twpawxywa in 
chronic giver discos? wiOv monoclonal annboc&n to core, enve- 
lapp an4 NS3 regions of tta trepaous C virua gtmume, Hcpaiol- 
qgy 16:306-311 

Hot4gnlo^ M (id^6J Hepautt, C Viru^s. In Fields &N, Kntpe DM. 
Howley PM. Cnanock KM, Melmdc JL, Monam TP. Ramrmn 
BR. Su-au>SE. e<b- Fold's Virology 3m ett Phii&dclpruvi Lippui- 
co«^R4vcnPtth)isher* ( 1055-1058 

Konumnod) P. Aaam* V. tong A. Jtoili J, Sarenralaru P, Fl^ry R, 
Sctwua M. HeiU PnU (19Q4) Evaluauon of methoos tor Htyaii- 
tw C vims deitxnon in archival Uver txtppttts. fmb&l Rv& Pracr 
t90:iOl7-iO25 

Uh CKK, F«ig JWS. Wu PC, Davis GJ.. Uu JYN (1994) Paecnon 
of twpntittf C virus genome m formaUn-^a p^a^liHrm(wddt4 
Uver uuue by m strw reverse rransenpaon polyrnerase ch&m roat- 
qon 4 M*^l Virol 44:4OB-409 

Lidoroucf K, UrfXf B, Nuovo GJ (1995) Companion of serologic 
vn&lystf an4 W situ locat»aaon of PCR-arnpUHcd cPNA for iht 
dld^nosu of hepapfls C inifccwn. Itagn MoJ Partial 4:98-107 

Moldvay J, Deny P. Pot S. Brtchoc C. Untos £ (1994) Detection of 
hermits C vtrui RNA Ui prnfheral blood mononuclear ceRs of 
infected patients by w situ hybrid 17?WF> Blood 83 2^9-273 

Navas S, Cas»Uo I, Pairolome J, MarrioiT E. H*rrw» M. C^rrc^o V 

(1994) PosmvA and negam* n«paaq^ C vin+> RNA strand* m ve« 
rum Uv«r ami penp^^ral mononuclear celb in anii-HCV paturnb: 
reladcm wlm Uver Won*. J 2^:182-186 

N^gro F. Paocraom D. Sfwmi^y Y, Mtlkr Rb. BassoUu Purcell 
Rl>. BanmoF (1992) Deiecuan of inuahepaflc repttcatfon of hep* 
arivs C virus RNA by infill hybrtdi2arjoi» ana comparison wufc 
hc>COpatholo^y. Proc Nat) Acad Set USA 89:2247-2251 

Noun-Ana KT. SalUe R, M)2o1cant| M. Fonmaim PC, Wslliawns R 

(1995) Intrahepatic expression of hepaOOs C virus antigen* in 
chrome Uver disease. J p^tbol 75:77-83 

NotmrAna KT. Sallw R t Sangar D, Gr*ane JMA, Simth H. Byrne J. 
poronanfi ^ Eddlesron ALSVF, WflUarrts R PeiecOon of^e- 
ooaije and iniermedlaie repiicauve srands of hepanas C virus tn 
Uver tissue tottisfri hylmdizaaori. j Qui Invest 91:2226-2234 

Nuovo Cj (1994) PC& In Sim HyDOdfzaikkri. Protocol* and Appli- 
cations. 2nd exj New York. Raven Press. 

Park YN. Abe K. U H. fisuin T T Tnimg SN, Zfwng PY (1996) Pe- 



PAGE 47/62 * RCVD AT 1/5/2004 3:16:58 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/0 * DNIS:8729306 * CSID:6177424214 * DURATION (mm-ss):28-30 



Jan-05-Q4 16:36 Froni-LAHIVE £ COCKFIELD, LLP 



6177424214 



T-222 P. 48/62 F-760 



660 

wcwon of heparan* C virvs RNA usiitg ligwon-dependtru poly- 
mer** chain reacuon in fonroUn- fixed, p^iffcn-em&cctttfi Uvcr 
tissues AniJPamol M9.H85-1491 

Saltfti MC. Tlblw C|. KosJarw J, f>ere*r* LMMB. Boinfor4 AB, 
poranonn BC. McJWlane IG. WUtoms H (1994) Hepa&c ana wc- 
tr&hepaac nep*nrts C virus repUc^oon »rt reUtion to Tespunse w> 
interferon iherapy. Hep&rolugy 20:1399-1404 

Tsatsuiuj Nl. Uraturia S. Tafcada A, Da*c T, Tanaka Y tl$94j E>e- 
icc^on of anti&f r» nto^ to hepaims C virus RISA *Aco£fcng M 
NSS region in me Uvtrs of paocni* wwh cftromc jype C fr^tlus 
Hepatoiogy 19:265-272 



Walker, Pazza, Dauge, Boucftw, Bedel Hemn, Lehy 

Uchsa>T, Smfcau T. Tanafca E. Kiyosaw* K (1^94) Immuiioperox- 
ida>c srainms °f heparan* C virus wi formalm-tlxpcl paraffin- 
erobecWed needle liver taojwies, Virchow* Arch 42*465-4(59 

WiUKtn F r Beoci C. Oange-Ctffi oy MC. Uhy T. M3qel«>ai P. Paces 
F (1996) Jmpfov^a oefecoort of humeri pspiliomav»r\*s infecaon 
in genital iruracpuhejiaj ivsoptasiu tn hoiruui irnmunortcijaency 
virus positive (H1V+J wonicit by polymerase ch<*m xtZGtW-w 
Kiig hybridisation. pi*gn Mol Pathol 5: 136-1 46 

Wtiiiw Aj. Kuo G r pradky DW, Bonroo ?. Saracco G, Lee C 
Rosenblatt J. Choo QL , Houghton M (1990) Pension of hepa- 
titis C viral sequence in non-A. non-3 hepatitis L^icci 335 1-3 



PAGE 48/62 * RCVD AT 1/5/2004 3:16:58 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/0 * DNIS:8729306* CSID:6177424214* DURATION {mm-ss):28-30 



6177424214 T-222 P. 49/62 F-T60 

Vol. 37*. No 42. Imu« uf Oowttff 17, pp 40503-4O613, 20o3 

Two Alternative Translation Mechanisms Are Responsible for 
the Expression of the HCV ABFP/F/Core+1 Coding Open 
Reading Frame* 

necwved for publication, May 27. 20Q3, and in revised form, July 21, 2003 
Published, JBC Papers to Fruss, July 21, 2003, DOT i0.l07^bc M305504200 

Nild Vusailaki and Penelope Mavromarnt 

*>am rA* Molecular Virology Uiboruiory, H*U*nic Pasteur InxllMe, 127 V#$. Bojfa* Ave fine. Athens, Greece }l52l 



Jan-05-04 16:36 F rom-LAH I VE « COCKFIELD, LLP 



HCV-I produces a novel protein, known as ARFP? F, or 
cure-t-l. This protein i* encoded by an open reading 
frame (QRF) that overlaps the core gene in the -»- 3 frame 
<eore+l ORF>- In vitro this protein is produced by a 
liposomal fraroes&m mechanism. However, similar 
studies failed to detect the ARFF/F/car*-rl protein in 
the RCV-la (H) isolate, To clarify thia ia*ue and to elu- 
cidate the functions of this protein* we examined me 
egression of the eorei- X ORF by the HCV-l and HCV-la 
CH> ieolatea in pipo, in tranefected eella- For thi* purpose, 
we carried out Inciferase (LUC) tugging experiments 
combined with rite«directed mutagenesis studies. Our 
requite ahowed that the eore+J^l-yC chimeric protein 
wan efficiently produced in vivo by both isolates. More 
importantly* neither change* in the specific 1Q-A resi- 
due region of HCV-1 (codon^ 8-il> ? the proposed frame- 
shift site for the production of the AKFF/F/oorerl pro- 
tein in vitro, nor the alteration of the ATG start crite of 
the JICV polyproteiu to a atop eodou significantly af- 
fected the in vivo expression of the cereal ORF. Fur- 
thermore, we showed that efficient translation initia- 
tion of the eorerl ORF is mediated by internal initiation 
eodonts) within the i^re/corei-* -coding sequence, lo- 
cated between nucleotides 583 and fi0e\ Collectively, our 
data suggest the existence of an alternative translation 
initiatian mecluiniam that may result in the synthesis of 
a ahorter form of the corer J protein in transf ected cell*. 



Hepatitis C virus (HCV)* is the main etioiogic *geot of post* 
transfUsion and sporadic non-A, »oa-B hepatitis in the world 
U). This virus establishes chronic infection in mo*t acutely 
infected individuals, frequently leading to liver rirrboaig and 
hepatocellular carcinoma (2, 3). HCV is an enveloped, single- 
stranded, positive ttense HNA virus. It is a member of the 
Hepaciviruti genus within the Flavivirjdae family U). Ibe viral 
genome is ~ 10-kb long and encodes a 3Qn-amino acid polypru- 
ndn precursor. This polyp rotein is co* and pos^tranalationaily 
processed by cellular and viral proteases gmog rise to three 
structural (core, El, and £2) and at least six non-structural 
INS2. NS3, NSiA, NSSA, and NS5B) proteins (5). Ini- 

tiation of translation of the HCV genome is controlled by an 
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internal ribo&ame entry site (1A£S) located mainly within The 
a'-aou'COding region of the viral RNA, between nucleotide* 42 
and 3« or 356, the 3 '-limit being controversial (6). The core 
protein, which forma the viral nuclaocapsid, is predicted to be 
19* amino add* long and to have ? molecular mac* of 23 WOa 
<p23). Further processing of p23 produces the mature core 
protein (p2X), wn*4*iing of 173-182 amino acids 17, 8>- 

An additional HCV polypeptide of lfi/17 KPa (pl67pl7) has 
recently bean discovered (9, JQ, 11). This protein ia encoded by 
the open reading frame (ORF) that overlaps the core gene in 
the +1 frame (core + 1 ORF). This polypeptide, named the 
ARFP (for alternative reading fram* protein), F (ibr framoahifk 
protein) or cure-fl (to dosenbe the location of thi* novel pro- 
teinJ, i& synthesized m uUro from the initiator codon of the 
polyprotesn s«quenpe followed by a +1 nbosomal frameshift 
operating in the region of cure codana S-14 (9, \\) Moreover, 
circulating anu-corei-l anuhothisd have been detected in HCV- 
infected individuala F augge^ng that this protein la produced 
during natural HCV uuecttoa (9. 10, ID, 

However, th« function of the AJlFrVrVcore+l protein Ui tlw 
life cycle of HCV remain* unknown. fotere*tingjy, a non-atruc- 
lural protein encoded by the N-termina] structural region of 
a number of pflSrtive sense RNA vrrvte* like Pestiviruses 
protrfaaa, Sef V2) and Apiboviruse* (L* protein, Ref. 13). The*it 
proteins are believed to play essential rote in the viral life 
cycle. Moreover, it i* tempting to speculate that some of the 
functional properties attributed to the pore are in feet due to 
the ARFP/F/oore-r X protein, a* both proteins are probably pro- 
duced simultaneously in certain experimental conditions (7, 8). 
To investigate the hiojosipal importance of tho ABFP/F/cor©^ 1 
protean, aa a first step, we assessed the expression of the 
corer 1-codmg soqu&uce in mammalian calls. Purine the course 
of these experiments, we ex amine d the expression of the 
core+J ORF by HCV-l, which eflicieotly synthesizes the 
ARFF/F/core+l pl6/pl7 protein w? vitrv, m rabbit reticulocyte 
iysatas, and by HCV-l a (H>, in which no plb7pl7 has been 
detected (9)- For this, we curried out transient transf ection 
assays based on the iudferaae tagging approach combined with 
site-directed mutagenesis analysis. The lucifera&e tagging ap- 
proach W4S chosen because it allowK the sensitive enzymatic 
detection of the corei-i translation, product and can be used to 
asaes* the relative expression levels of the core and caret* 1 
OttP* in the two HCV isolates. 

Our results show that, unlike in the in vitro expression 
studies, both HCV-l and HCV-U (H) efficiently express the 
corttf 1 ORF in transacted cells. More importantly, cur genetic 
analysis and immunoprecipitadon experiments suggest that in 
transacted cell* efficient translation initiation of core +1 is 
mediated from internal translation initiation codon* located 
bstwean nt 583 and 606, resulting in the aynthesis of a shorter 
form of the com+l-tUC chimeric protein- Tin* form of the 
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of oftgttnfeC&fiFu&tf and conztrueto u&tt in the rrwHtfianal cwq/ygis 



ih v*{fQ pUutmd* In vivo p1nr>midft 



Wt- pHPM333/HCV-J/CAT- 



pHFI*l335/ttCV-l» l£y 
CAT-JRES-oorc-LUC 



NC: pHPi-lSStt 



Mutation* 

m 

N3 
NS 

ma 

N19 

N2X 
N22 
N23 
N2* 
N25 



Nl 

m 

N2i 
Nli2 



5 # -«* CGTCAAQTrCTAAGGTGCCGGTC-^ 

5'-** CCTAAACCTt^AAGGAAAAACCAAACGTAACACC^' 

5 -^ CCTAAACCTCAAAOACAAACCAAACaTAACACC-3' 

5«.5Tt ctca<k:ccx^agacccttoooc-3 + 

5*-°** CTCTATGGCATA^GGCCTOCGQaT-3' 
5'>* 7 Tf GGCCCCTCTGGGGCAATGAGGGC-3' 

fi .>* 'fTC<^ccercTtxsG<x:A(^ 



5'-** <^CKKKK3CCrA(^TTAOOTQTGCGCGCGAC'3' 
5'-*"* CGTGCaCCTaOAGCACGO.^J^CTaAACCTC-3* 

CGTCaaC3TTOTaAGGT<^C30TC 3' 

CCTAAACCTCaAGGAAAAACOaaaCOTAACACC-3 ' 
0 CCTAAAM'JCaAAOaCaaaOOaAACUTAACIaCC-S' 

5'-"* ctcawc«^agaccxntgocc-3' 
5"-"* ctctatqocaTaga^ocwtgcgggt-jj' 



pHPl-1342 
PHPM343 

pumssa 
pww-jsss 

pHPf-lSSO 
priPI-l3Sl 
pHtt-1399 
pHFJ-1400 
pHPl-1401 



pHFJ-1345 

pRPM3*7 
pHPM335 
PHPM396 

pWI-1397 



PHPM342 
p«PM343 
pHPl-134* 

pHPi-1383 
PHPM380 

pHFi-1339 
pHf»i-l40i 



pHPM3*5 
pHPi-1346 
ptfPM$47 
pHPMi(95 
l»HFI-l39fi 

pBW-1397 



AJJFP/£7core+ 1 chimeric pratem is synthesized even when the 
cor* is not produced. 

EXPKJWSMTAL PBOCEOWRJES 

mutagentert w^a parr>«d out usuig the QuS&hange" 4 kii (STratsgKne). 
The WtfJiphM** *md oJ^oaudeotidBs a>oJ in the mutational Mjajy&id taut 
the oorraporidin? mnt#nia, **e u&ted in Tabk I. All mutations wert 
confirmed by eequcn.ce awatyma. Tb« HCV- 1 cPNa jjaquenctt* were 
obtained from plaawida path 10^7-38 and path 1V36-27, kindly pn>- 
v»dad by Dr. M. Beweh tCDCj. The HCV-la CH) *DNA sequence wa* 
optninrd ftmn pDNA-C 1, kindly provided by Dr. G. JnGhmwpe 

The mcutrowC «*wwructs pHPl-1331, - 1333, a*q" ~ 1332 contain the 
chlontmptaaittl floetyitmn»few4> LCAT) gww *a the fl»t mim fbj. 
lowed by the BtfiTtt IRES and pan of the wild-type cprtHXxfcng ae* 
qu^noK Uu $-630) from the protoiype flCV-l Uolase fiuml to the firefly 
WJC w^O, -rj, and -1 frames, prospective]?. wtrt p^ 
dm*4 by sita-ciirecud aiuraseaesis trom diwtrwtc pHFI-13^, 
and - 13V4. rtopeo^veiy, wmg pnwa 5 -TGCATgCAAi500GAA- 
OACGCC-3' (seoaa) and 5'-GGCGTCTTCCCCrrGOATCCA^' i&au- 
aomse}. Tbds sat of primenf oonvens ijw start cpdon of (he lua&rase- 
po4in& wigipo (ATG> into « 0yc«w codon (GGG). pHPI-XSU, -1313, And 
-131? were cooamwad by replacing ibt 203-bp Ntel-Xtol fmgmenl of 
^ didewwic pttf'HtMfr (prwio^y deaennfid, Rpf. wy»e w 
2^9-407 of nU3S*cor& saquonaH fu»cd wiiji pan of The gans 
<ln« ftr»t 60 M), witli ibc ^35-bp /^(O^al a^mecvU of pHP^7&6» 
•767, -763 (previoiudy dewjiM, Bof 9), contamwnt M^-c^O of pl^ 
iRfi&wn* ^uammq ftifled with «i»t 50 ** of ibo LUC g^ne. Too 
dwwBWW oorwtrucU pRPi-JL334, -1335, afld -^33S cany tbc tniire 
W3 and part of tI» wdd-type we-coding n%wn d-fi30; from 
RCV-Ja Oi) ftwd w th* tOC all iW rHm«« (0, -rl, and -1 

pW-W2a> -1339, and -1330, ytrtp^ctivuly u c*n*ptat* and prwwp 
S'-TWATCJCAAGGOOAAGACGC^-S' and S -OQCO^CTTC- 

COCTTOGATCCA-a' tanxiaeow). TN pnmaro change tb« initi^x 
codon of the Hiafersaa-cpding rugion into n glycine codon <ATG GOG). 
p ? i ?;*? 2S ' -1329, «nd -X830 |eptrawj by Mplaetdff tJw 203-np 
NteMOwI fra^meat of pHPl^t)46 wiT» the *35-pp ^to--Oa! frag- 
nwgi of pBPI-748, -749, -75P, r^p«mv«3y (previously d**criW, Ref. 
9>. To facihwt© plasmid chma«p7jir?on r wiwr of ih* mu^titma m* 
H«ted Wto the djcutnunu: co^aXxuc^ pHPJ-1333 tHCV-lJ and pHf»l- 
1335 (HCV-Xa (Hi) vev* mloned inw pHPI-1046 by wpfcane tiw 
wild-iype 203-pp Nhet-Xbal fr«En*c=nt with tf» corrfciiponiiuc |!rwan«Ri 
of t|w muuM »mpU5tt. 

Ilto momjcisxrouk cwwmicw pHfI-1363 nod -J363 eontwij the 
swna iREfrcorfr-LUC co«s«tta pttPl-ia33 end -1332 raapecrively 
cloned bclwct» *e ^f<"«dm a<id ww* of pgGFPN3 (ClonkchX ' 

In Vnw Transcription and Tro^aEofmn— For 411 the plasmas, Jleafi 



raWrtt rttticulocytt) lysateq (Promina) s«pp|«neoted with 120 mM KCl 
w«4 Ofi MM MgtOAfi^ were wed ONA 13 MifJ e»ch ptesmid wn» 
1 warned and tran^cnbwl m wra with T7 RNA polymerase (Promegm) 
»«ordin« w eh© wannfoctmw'a K^rwtfws. Wild-type pHPI-1331, 
-1333, -1332, -1334, -1335, -1336, and ihe ajr**apondinsr mutated dkwr 
tmnic constructs ww haeanzed with P*tJ- In vtirv nraM&lAdon axpei^ 
miWTa were carried out m uncapped KNAd in ± tottd v^uw^ of 25 ,4 
Wfinj; [ w Slmetiuonine <Amer*haoi B)09Cvnoini). The trAjwUu«ft prod- 
ucts <5 (Ai were analyzed by 12% SDS-PaG^. tmiaftirrcd onW miro* 
cellulose mcmhnmda, axid v^u&Uzed by auVoradtAt^&pny. 

Ce/to a^i XWA Tranvfcemn Expert m*n*»— BHK-21 awl Huh-7 «Us 
were maintained in Culbtcw'j modmed Kagie'a roeehum (DM£H> &up- 
plorooAi^d With 10% tistal hoviwt iwrum LPMiW»'B&) at 37 'C in a 5* 
CO a inoubttter, Cella seeded W e-wpll plate* (60% cfetfluenee} ware 
trwwfecte^ with 1 ^ of pfcwmjd PWA in the ptdp^not of Upoftoa- 
AMINE plu* 7 * reagent (Invitrogep) jmmrdiBg » the tt^rtfactww'ji 
protooQl. Th» nv*4ium was replaced with new 24 h po»t- 

Cnw&fevTiM The eeOs were wa^hfrd twjrt with phpSpbatS-bwfftred aa- 
lin# 48 h pwtt-trona&etion and lyaed in 260 ^1 of ix l w »&m* lyais 
huftar (fhxBnega). Ffrtfly LUC was quantified by miwig 20 >4 of eacmwr 
wwh 100 /*l of Jwiferaae n»ig«nt tF»»mftgaJ and measures tha J«- 
min>»««nw ciiiwtly with a Turner |uroinorru*w. lq qie case of 

the diewtronic conitfimctit, Ca? was <^uantu1ad with the CaT-£J4SA kit 
iWxte Applied Scjfflwl amnrding to th» manufacturer's 

Antioodiw— The e<jat polyclonal antibody a^ainat the nrpfly ?ucif»?r- 
a« protew wa* ohcaindd from ftraw^ft Corporatwn at a oonontratuw 

Immunoprxcijttifmvn AWysw— Thirty-nix how* *ftW tnuw^ioo 
with pWPM3fi3 or pm>I-l3fi3 F mopoJaye/a of BHK-21 sella <-lQ 7 caUa) 
wero metaholically Utxskd for 12 h voih 20 #iCi of l^SJinailuoAme 
CAmeralittm gioaoencea) par ml of methusune-&ee medium aupple- 
nwaiicd w>th 1% feial bovhiu sanwn. The labeled cells were nntfed with 
phowphata-huffered wdinc ttod lyted m 600^4 Of total volume Of triple 
dptarvenz ouflfer «ooaiat»np of 50 mu Tria (pH a>, 15Q nw WaCl, 04* 
SOS, 1% Nonidet P-4U f 0,5* oodium deft<ydiolaUr f nod lOtf ^ml phen* 
ylm«[hylsul£ouyl fluoride. Call lyaatea were nuxed by vortexing a^d 
cwntriftiged at U,000 x g for 10 nun at 4 "C. Chxrifitd lynatea were 
incubated with 1Q fd of antj-LUC polyclonal anybody on a ro^ccr 
overoight at 4 V C. Pw»ei« a PLUS-agarose (Santa Cn» Biocodjnalo^y) 
was added (20 to thia mixture and the reaction* were incubated in 
the aame condition* for m addittowd % h, ArW wi«w»ntiifijgation f 
the e^uroac Ptadj were wvbbtfd three time* with a buffer containing 50 
a»M Tri* IpH 3), 130 mH WaCl. 0 1% Nowdet and 1 mM fiOTA. 
The immunapret*pitattie we r « w b«eifwsnHy rwolved by 10% SHS- 
FAG|^ «fanfltefw4 onxo mtwcellulwrtf membrane*, and detected by 
auwrad#ot^»phy. 
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Flo I Analysis of the expression of 
the cor* rl -LUC chimeric icene,r*«weJ 
A, schematic representation of ihe CaT- 
diastionv; construct* used far the 
tagging experiment*- The entire IRfcS (nt 
9-3H) arid part of the core-coding se- 
quence tnt 3*3-630) fam HCV-l and 
RCV-Ja tH> were ftwed wtth th* LUC 
gftnu undsff tb<f control of both CMV «*fld 
T7 promoters of pHFJ-1046 (14). The nu- 
cleotide 3aqutsno» of the junction bo- 
tween tha cor* and ludferatiB-codinf re- 
giona ar& Uluatr^Tcd The first codon of 
luciferase cwtroc, GGG, derived from tht 
ATG initiator hy aite-directed mutagen*- 
I* ao**rf. The LUC gene was fused in 
the 0 frame relative to the preceding- core- 
co4wjT sequence in pHPJ-i33l (rjCV-U 

iwd pWPiaaa* (Bcv-ia ihm. in the +i 

ft*** m pHPI-1333 IHCV-U and pHPI- 
J3Q5 (tfCV-1* £H», flftd ift «v> -1 fwu» 
m pHtt-1332 (BCV-l) and pHW-1336 
OiCV-lft (ft)). The wwterJiW nucleotide 
mdicatob u* inttemon of a thymidine ntf- 
idu*» and the inverted triangle indu4te» a 
deletion of an adenine remdae Pawls H 
and C, «i uivo (a) add w i/^tu (o) rvprtfr- 
ftiau of the tfCVM IB) aw* HCV-la («> <C) 
fumon cojiawucta o T duplicate cultured of 
col war* tran&fected with each 
construct and the relative ratio of LtIC 
activity to CAT quantity wad determined. 
Bws Tvprx&eai the xneanti obtained in two 
separate experiments m duplicate, grrvr 
barn represent the etandord deviation, t, 
each coaatrutt was. tranacribsd in vitro 
and equal tMnounts of all ftNA* wtrc 
tr&zulated in Ftexi rabbit reticulocyte |y- 
Sates, Translation product* w«re directly 
separated by SPS-FaGE *ud analysed by 
autoradiography. Fusion piweins are in- 
dicated by filled anwhe<ul&. 3pe/* orroiw- 
Awd* uhow jha CAT protein- JVC, nega- 
tive control 



HCV-l HCV-1h(H> 

CCC CCA TOG *TC C^b aaslc* *U*C c„re-lVC pHfl-^l, oHP^liM 

CCC uSr TCC aa^^cTaaC AfC + «w-i-^^r pHl-l-lWl. p*lr>»36 




n*9 #t3-»2 



ill 

ftfvvnt prt^i^a 




— 43 



-39 



C HCV-l* (H) 

a) 




»r v. jO 

^* ft ^ 

"R 



WW 



97 



2 3 



BESULTS 

The Cqw+2 QflP J& Efficiently Expressed in Twnsfecfed 
CtsUs — Aa all previous studied concenun$ the expression of tbe 
cora-t- 1 ORF have he^o earned out pnmftrily in in mro gystems 
haaed on rabbit reticujocyte lysstes, we examined corei-1 
tran^tion from tha HCV-l and HCV-la (H) isolate in matn- 
moU4U cells. For this, we carried out transient lpr^n»fectia» 
aesay^j initially in BHK-21 celU^ and monitored the expression 
of core and core-t-X ORFs by lading the Ofi^s with the lueif- 
wra^ g^»e P~UC) «3 (Jescrihud Mor« (9) but with the foUowiog 
modlrlcAtiona. The cPNA sequences contamm^ the entire IRES 
and part of the oore-codin^ sequences (nt 9-630) from HCV-i 
a»4 HC V-Xa (H) fused to the UJC gene in *U thn* frwnwe www 
iweleTred in^ a o^PiStrorn^ 

g«ne. Tne dioSMxiic ca&deicee CAT-IKES-core-LUC were 
placed under the control of a CMV/T7 promoter to allow i}w Wie 
of the same UNA plasrnid for experesmon in d jwj and ii» o/rm- 
Furihermore, to eh'minate the pa»<ubUity of internal tnrala- 
tional initiation eveata iri%gtm*d by the initiator codon of foe 
LUC gene, the ATG was changed to a GGG codon. The J3NA 
constructs are illustrated in Fi&. With th^s modified ticis- 
tronic expression system, the expn^sion of the LUC gene i# 



directly related to the expression of the fused core or core-rl- 
coding sequences, and CAT activity serves as an internal con- 
trol to standardise tra ns e ct io n e ffici encies in vivo or potential 
variutioaaj in the transcript abundance in vitro. 

BH&-21 oella were tramfceted with each construct, and i8 h 
later LUC and CAT activities were measured. Fig- 1, B and C 
show the level of LUC expression relative to CAT in the trans* 
fected cells. In the case of HCV-J, substantial amounts of 
lueiferase were eypre&ed Snom the pore+J-LUC oa«»eette of 
ptiPl-1333, m tha leveh) of the luciferase activity were similar 
to that Of the core-LUC fusion protein derived from pH?M3^i 
(Bg- lBft>- Only hackground levels of luciferase activity were 
detected fallowing the expression pf the corresponding negative 
control core-i-LUC construct (pHPWSaS), Surprisingly, in 
oontrast to in vitro very higi levels of luciferase activity 
were observed from construct pHPI-1335, which contains the 
core* I OBF from HCV-aa <H> fused to the LUC gene. Tne 
levels were shout 200% of that of the HCV-*a iH) oore-LUC 
hybrid protein yielded from prf?l-l334 (fig. lCa>. Afiain. the 
wrrespondmg negative control plasrnid (pHPM336> resulted 
in background levels of luciferase expression. Thus, tht HCV-l 
corer i LUC-xaggpd protein is efficiently produced in vivo, with 
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A. 



HCV-l W-cc ^Tccr^ ctc^a "f^ccr 

** f T 

VTQaOl'aCQ a*TCCTaa*C CTCaaAAAAA AaACaaAOjT AACaCCrtACC 
NI8 MS T N r * PQItJt ?J K * NTH 

I * 

G C C mo 

t t r i 

MS T S f K PQKK NK|t KTN 

I t ^ 



*2 



WrV,1»ffi\ AJ£AGCAIX1 AATCCT^AC CTCAAACaaA AACCaaaOjT WACCAACC 



NI5 



N16 



W2 
I 



390 

I 



il£UCCACa aaTCCTAAaC CTCaaAGaaa aACJCaakCGT a^caacc 
MS T N P K P Q H * T £ * NTN 

Owe ^ 

I t * 

vrGAOCACft aatccta^ac ctcaaaqaaa aaccaaacqt aacaccaacc 

mT T N ? K P Q * K TKK NT* 



C. HCV-l 
a) 



b) 




WT NW W9 HC 



IX HCV-I*(H) 
a) 



o - 




WT N1S N1S NC 



§ 5 B 

III 

5: X * 




— 5T7 

— W 

— 45 




fra 2. Effect of muttmon* Witju» 4»4tm» S-U of tlws ftCVa (NlS, N19» nn4 BCV-U CHJ Nlfc) ewe-coding rapieftcv on tfee 
e*w<ywa™ of eowrl-ttfC chimeric gene, i^ne/ff a and ike core nwcitxrcitf* sequence* in xhe regum of axiom* <rfrhe wtfd-typ* HCV-l 
(AJ »«d tfCV-In (tf) t3) pkwrpid*. *tf wfiU of tile wrTtjspoa4w5& mufcuir vanam* Nik lHCV-1) U) and NlS, N16 (HCV-1» (tf » Tft* 
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similar transit level* as the wwsxhug sequent More 
importantly, unlike in rabbit reticulocyte lysate*, our data 
mdfcate that the HCV-1* (H) isolate efficiently expresses the 
core-r x OltF in transiently transacted BHtC-21 cell*. 

To confirm the divergence between The previous in vuru ana 
pur current in wi* th« same QNA pla*roids were 

tested for expression in vitro in rabbit reticulocyte iysates (Fig- 
l JJ and C>- As anticipated, the m wfre- translation of the 
MJJC construct <pHP«3ai> or HCV-la <H) 

lprCPl-1334) resulted in the *ynthe«s Qf * chimeric core-l«UC 
protein with an apparent molecular rnasa of 72 kDa (Fig. 1, B 
a»4 C*, tew J>- Furthermore, in agreement with previous data 
(9) when pHH-1333, contairung the eore+ cassette from 

HCV-1, was used, a hybrid protein with an apparent mol^miar 
mass of 72 kDa was produced (Fig- l£f>, lane 2 >- On the con- 
trary, pHFW33o, carrying the equivalent core+l-LUC cat- 
sen* from HCV-la tri), exhibited uoluciferase axprasjon IFig, 
1C& lane 2). The 72-kPa protein waa not produced by pHri- 
1332 (WCV-D or pfIFM336 (HCV-la IH)), which cany the 
^TJC gwus to thfi - 1 <r*ine of the cote^»duW rBg^Wti CFiff. 
X, £ and Co, tone 3). 'These data f*ronrm previous in vitro 
egression atudjes from our laboratory showing that the 
core-*- % ORF was wtpreW from the HCV-1 core-coding region 
hut not from the HCV-Xa (H) equivalent. They also reveal that 
the predominant translation mechanism that directs the ex- 
pression of ARFF/F/wre-rl OBF differs in vitro and in trans- 
ffected cell*?- 

The A*rich Sequence at Codon* 8-11 of the UCV-Z Core- 
coding Region 7* Not Essential far the Production of ike ARfPf 
FlCore^l Protein ir* Trwtsfected Ce/fe— The wire-coding region 
of HCV-Xa (H) lack* the 10 consecutive A residues found at 
codons 8-11 (nt of the HCV-1 genome, a known 

slippery aire prone to ribosomal fraraeshift events. Thus, w« 
directly assessed the importance of the 10-A residue region for 
the expression of the core+1 ORF in transected cells as com- 
pared with that in rabbit reuculocyte lysate*. For this purpose, 
mutational wudies were performed hauud on previously de- 
scribed naturaUy occurring mutations at the proposed frame- 
shift site Ccodnns J3-H), Specifically, Yeh vt o*. U») provided 
evidence that a pl6 protein from the core-coding region of 
clinical isolate* from patient* with hepatocellular carcinoma 
was produced in w*ro in rabbit reticulocyte ly**tes. The de- 
tected protein was reported as being a short form of the cons 
protein even though the protein was immunologically distinct 
from the p2x core. The presence of this protein was associated 
with specific missense mutations within codons 9-11, none of 
which generate a 10-A residue sequence. To determine the 
effect of these naturally o^-urring mutations on the production 
of the AJi^/F/corei-1 protein in fiw>> the diefctronic conSTructn 
P HPX-X3SS (HCV-1) and pHFM335 (HCV-la (H)) wort* used as 
templates. In the case of HCV-1 (Fig. 2A), insertion of mutation 
Nl8 ? which contains two A to G suhartitutiont* and an A to C 
substitution at nt 366, 367. and 373 respectively tcodonu 9 and 
11), gave nse to pHPM3S2, whereas mutation which 
carries an A to Q substitution and two A to C substitutions at 
nt 367, 369, and 373 respectively (codons 9, 10, and 11), re- 
sulted in pHFJ-iaaS For HCV-la IH) (Fig, 2B>, insertian of 



mutation NXS, which contains an A to G change at position 366 
Ccodon 9>, gav*t nstj to pHFM395, and inserrion of NNi, which 
carrws an A to C substitution at nt 36^ (codon 10), resulted in 
pHPM3$6 Both N15 and mutatiorui contain a single 
b-ubstitution as the HCV-la (H) isolate already carries a G and 
a C at position* 367 and 373 respectively. None of these muta- 
tions had a sigruficant effect on lueiferaae activity in uiifQ iFig- 
2, C and Pa>, indicating that th* prestsnce of the 10 consecutive 
adenines at cpdons S-ll, a» fcund in the HCV-1 isolate, is not 
critical tor core+1 OBF expression in vivo* However, m vitrv 
none of the above mutants produced detectable levels of the 
PPPe^X-tuC hybrid protein (pig. 2, C and Db. lanes 2 #nd 3), 
Thus, mutations that disrupt the 10-A residue sequence within 
codoos 8-11 of the core-coding region fail to support the pro- 
duction of the core+l-UTC protein in vitro, whereas the same 
mutation*; have no effect on the atpreswun of the protein in 
viva. Thus, our data do not appear to pe consistent with thosa 
previously reported (15). The reason for this is not dear at the 
moment, but it is likely to be due to differences in the core- 
coding sequence beyond codons 9-11 between the HCV isolates 
used in the two studies or to differeac*** botwwun the two rabbit 
reticulocyte lysate expression system*. Overall, our results in- 
dicat-# that the A-rich region at codon* 8-11 is critical mr the 
uxpreesion of the ABFP/F/cont-i- 1 protein only in rabbit reticu- 
locyte lysates. _ w T 

The ATG Initiator Codon of the HCV Core<odmB 
^otE^emUitfortk^^pre^ionQfth^ARFPff^Corv+J Protein 
in Tran*fme4 Cell*—" To investigate further the molecular 
inechanismtij) implicated in the *n viva expression of the 
core r J OBF, two mutation* were introduced into the core- 
coding region of the corer 1-LlIC-tagged constructd of both the 
HC V^l lpSH-1333) and HCV-lft (H) lpHPM335) Uolate* (Fig. 
3A). Mutation N3 converted the ATO initiator codon of the core 
OftF into a terminator codon and mutation N6 introduced a 
stop codon at the 215*** position of the core-coding sequence at nt 
41* (Pas- CCG). The re&ultmg plasmids were named pHFI-1343 
and pHPI-1344 for HCV-1, and pHPM346 and pHPl-1347 for 
rlCV-U (H>, respectively, Jf a ribosomal n^meshift mechanisro 
ia indeed responsible for the production of the ARFP/F/core+ J. 
protein in vivo, then the N3 mutation should abrogate th« 
production of the chimeric protein, whereas W should have no 
effect. However, transection etudies showed that not only The 
N3 mutation failed w block core-rl eatpresswn hut also the 
resulting mutant inhibited increased levels of lucif erase activ- 
ity (FS«. 4, A and B) compared with the wild-type corerl-XJJC 
(positive control). Similar data wwe obtained for both HCV-1 
(Fig- 44a) and HCV-la (H) (Fig- 4Ba). Additionally, the N6 
mutation resulted in increased levels of luriferase activity in 
both isolates; the levels □fluciferase activity detected in thesO 
constructs wure similar to tho&e observed in contitracta carry- 
ing the N3 mutation (Fig. 4, A and *<?)- These results suggest 
that, in contrast to in t/ifro (S), the in vivo translation of the 
core -hi ORF does not require core expression. Instead, our data 
suggest that blocking the translation of the core ORF has a 
positive effect on the translation of the core+1 OBF. 

To couurm again the differences between the in vitro and in 
vwo results, the same DNA plaamid* were tested in vizro in 



wild-type aequn^s of wdoas 8-11 are ahown in bold. The arm** indicate the inserted bold ebamtert 1 fl *Sf* Ta 4 

nw0fion5«*ft»4 aflacttfd aonno acids. The nurabsr* in 6 wiew indicate the number of the mutated covins- Panel* C awl A the HW-l and 
RCvhT^J CZ» iSd^pe(pWI-l3S3 and pHPl-1335, ^pactivcly) *m4 «rr«p«R4mg mutws (pHK-j382 (N1B^1S83 CN19), *tf pHPi-^ 
fKl5) -1396 (N16), respectivrfyj were used to tranploct Bl«^21 cells (a) or transcribed in vitro and equal amounts of BNAs were irsw^Win Flew 
rabbit rtnculocyttf brsstes (&>. «, 4uplicate wUturea of BpjC-21 cell* were tnawf«tted with the wOd-tjpe or the mutated «nwtrww. The actrvny of 
^ftch mutant vm* calcuUfrbd by a>termining the rntio of tfJC activity w CAT qwwaty and » eaqpfnwwed as a paHKntagu of that of the wild type. 
Bars rt$*Bs«it th*i ob&fv&l (or three separate experioMO^ each carried out i& daplk»te. Errvrbars corxedpoad to the »tandWd (Jeviadw. 
b. 5A of the f^SJ m©thi*wu«e-labelc<l t/> vtzro troxuhmab products were atpaiuttd by 12% SPS-PaC^ and unalysed by autc^fediasTauhy. Th* 
corai-X-HJC fUMon protem « indicated Uy the fUUd anwhead. Qp*n arrowhead* ahaw the CAT ptot^in. WT f wild rype; WC, negadvn control. 
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N3:ATh -VTA aTGaOCaOG aaTCCTaaaC CTCaaaaaAA aaaCaaaCCT. AAC*CCAaOC GTOQCOCaCa 
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NfcCCG^. -VTaa AuaCOTCaaG XTCCCQQGTO GOQOTC*<iAt CCTTOGTOOa CTTtACTTOT - ^ . 

^ ' OVJt t-rGGGQJvClS V Y I- 



fccTOCFCTCT TOCTTOaCTC TGCCCGCTTC GGCCTaCCaa 
LlSCtr V P A S A^Q 



r 



Fig. 3. Mutrtraaal m4yfri» of th* 
eorefcore+l-cwlittg rtTgian. NodeoadA 
S&jue^ce Of the HCV-l w^-cwJw*^ ro»ow 
mcJ»dwa£ m»VHnanp affecting ih# 0 ia> 
and +i UJ) open readmg frame* (ORF*>. 
inserted mwwtiam. ure mrhenrart by 
row*. Muteted m*4coticte£ and affected 
amino adds ore shown in oo/rf. 



ATOAQCaCO AATOCTaaaC CICAAAaaaa A^ACAAaCGT AaCaOCaADC QTOAXCAci 
'Aft llN L Jt t t T N V TfT VaB 

^ M „ _ T* 



*U*mc aaQ vrax&OGttQ OOWaCAQAT GtmOGPQQ* <UTTACTmr KJCCGCUCaO 
S3 $ & V a V K * ■- v b r T S P M A 



R T 



H1*^-*A W5CCCTAQA TTGGGTOrGC GCO*ttA<X}A5 aaaOaTTTCC QAGCGGTCXtf aaOCTCW^ 

OAj.O*VCAK?tES-(.P s g * n i. e 

H31^^3h-^TajC tAqACmCAG CCTaTCCOCA AGGCTCOra5 A0QAC£TqGO CTCAOCCcqc 

v o v e Lev it i- c r«A Cfc tsr 



pSaTgL^CCG ST^CCCpOfl OPXTCTATC GCaaTGaGCG CTQCGCCTOQ GCOQQaTCKX TCCTQTCTci? 

NXWttWo* r y 

CPPTQQCTCT CGGCCTaGCT OGG^CCCCaC aGaOOOCW CGTAQGTCCC PCaaTTTOGu 
* v a l G J- a q * r q t t g v a ft a i w 

tAAGQTCATC OaTacCCiTA WTCjOGOCTT CGCOOaCCTC atGOGGTaCa Ta^CGCTCGT 
V R * S IFLRaASF I S 1* \ K S 

F* 1 «?» 

cggcocccct cttqoaooog ctocCaOGoc cctoococat qocqtocooq ttWoaagX 
SaFI- I B a l f O FW*M aSC FWlt 

Sbgcotoaac ^TATpcAACAq ooaaccttcc TtiorrrQcicT ttctctatct TccrrcrGGcT 
Ta # TMQg a r r i. v a i. s{-£ s f w 

f»T KB 

CCICCTCTCT TGCm*CTQ TfiOOCXJCTIC Q(jCCTaCCaa 
rest * * I. C f L HPT 



rsW»?t reucuiocyte lyuatfts. Cop$i$tent with previous m wmi 
Bodies (d), the N3 mutatiou abrogated the synthesis of the 
72-kDa eowri-LUC pwcm from HCV-J 4A2», Jtw 
whensas N6 had no effect on the pro4uctw of the cwm- l-LUC 
chimeric protein (Fig. Mne funhexmor«, as expected, 
the com l-LUC constructs CWT, K3, N6) ficow KCV-Xe Of) 
f»le4 to produce detectable fevek of the etonenc protein (Fig. 

Za^ J, ^, 3). Thus, there appears to be a difference 
between the predonuoaat translation mwhawew for ARFP/F/ 
corerl expieeeion between rahMt reticulocyte 1y^t«» and 
transacted ceils, »3 expression of the core tl ORFm uiuodQes 
not require the ATG start codon of the HCV polyprotein, Taken 
together these results indicate that ribosomal n^neshift 
event* are not the predominant mat-hanisn) directing core 1 4. 
exfvejjijipn in transacted oelk. 

Efficient TrartfiatUm oftte Core 1- 2 ORF Ui Tnmsfccuui Cells 
Js Mediated by Internal Initiation Codaitf&—te the expression 
of the core+X OftF in ww i& not suppressed by change* in the 
initiator ATG or the A-rkb region, we hypothesised that down- 
stream codonCsJ may function ae tranaknon itdtiation $it*& for 
the expression of dm core-rZ OBF, To exajnine thw hypothesis 
two series of mutagenesis ttxperimente w«re carried out. 

Firstly, three nonsense mutation* were separately inserted 



into th« core r i-coding eequencea of HCV-l andHCV-latH), m 
pHPl-1333 <HCV^) and pHPH»35 (HCV- la (H», which carry 
the dicwitronic CAT-fliES-eoret-l^UC cassette. To facilitate 
the description of the mutations aflecting the rare+lORF, we 
arbitrarily defined the GCA alanine uxjon at nt ag the nret 
eodnn of the wre-t-l 0£F (Fig. 33). The Nl mutation wvtro- 
duced a TAG »top codon into the core +1 OHF at nt 472 ejrp 421 , 
TGG) ? resulting in pWM342 and pHPH345, respectively for 
HCV-l and BCV-Ja (H). Mutation N2l changed the 79* «odon 
of che core + 1 OJSF at nt 580 (QJy^ GOT) to a TAG slop codon, 
yielding pHPI-1880 WCV-W, and pHPM39S (HCV-Xa <HU 
Finally, mutation N22 introduced a TAG terminator codon 
eight codons downstream of mutation N2X at nt &H (Met** 7 ), 
giving rise to pHFMSSl (HCV-l) and p?tPMS37 (HCV-ia 
Crf»- As ejected, in vitro expression from the pjaantids «arry- 
in^ the NX, mi, and N22 mutatjona failed to support the 
production of detectable levels of the core* i-£UC protein (Fig. 
B,A.-Dc, hum2 and 3). Again, when the same plaamids were 
naed to analyze the production of the core+X-LUC protein in 
3HK-2X and Hwh-7 cells, the resulting data were totally dif- 
ferent from those obtained in vitro. Specifically, in contrast to 
the in vitro data, mutations NX and N2l had no significant 
effect on the expression of the corerl-hUC gene a#i shown by 
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A* HCV-1 
a) 



FiO- *, Effect of mutations within 
nucleotide aupqucnepS tb»t flan* 
oodon* «-U vf toe HCV-l tA) and *be 
JfCV-J-* (») (J?> corc-codin« retEHw* «A 
the &nuxi*ika<n of eorc+*-WJC C*u- 
XiT|K»* The wuO-type PMPMS33 
(HCV-l) and pWI-1335 mcv-u (HJ) 
and N3, N6 njutimt vsrianw pHFM3*3 f 
pHPM3*4 (tfCV-H ptfFil3*6. 
pSfU-*&47 (HCV-U W>, ra^lwCTWBly. 
were *5ed to tmn»frci BHK-21 veils (a> or 
trapucrilfed m vitro and equal MOttUntn trf" 
ENA* were translated tfvflmn rabbit re- 
ticulocyte lyrttttt (*>>■ «, duplies*** cultures 
of BHlt-21 cells wo UiOWfflrte4 v4thtb# 
wild-type <ir to mutated construct* The 
relative iiciiviiy of each mutant vwiwnt 
wa» <ta*rnu»*d a* dttfcnbod in the ler 
cad of Fiff. 2 £«™ represent the rovimS 
from t%a separate experiments each per- 
formed in dupli«*w. g>vw fan* wdiwte 
S.D, d. translation products wero reoolvea 
by SD3-PAGE and analy»>d by nuior* 
dtoeraphv. JWW *t»d open u/70uJuw& 
Zhow th* cHwwic tore-fl-tuq and CaS 
protein*, r*flj*cuvely WT, wild type, WC, 
aegfttive control. 



b) 




VTf N3 N5 hc 
ft*JfrT3»l (PtfVttWj (pHPM3441 (pHPVl»2» 



B. HCV-U(H) 
a) 





W K3 N6 KC 
(prtm*# <phf»«* (?HPM347> **fMl35) 



-29 



2 3 



the feet that the level of lucifrrase activity was about the sufne 
as in th© wild-type construct* in both BHJt-21 and Huh-7 cell* 
(Pic. 5, A-A a *»4 bl No differeuw* were observed between 
HCV4 (ptfm*42, and HCV-la (H> (nHm$45, 

-139$). On the contrary, the N22 mutation almost completely 
abolished tho synthesis of the corer l-UJC protein from both 
HCV-1 and HCV-la (H>, in both and Huh-7 cell lines, 

as the levels of hiciferase activity were irimilar to those of th« 
negative control (Fi* 5, C and A a and bh Only background 
levels of luciferas* activity were detected from the negative 
controls (HCV-1) and (HCV-la (H». 

Therefor©, these data support the conclusion that efficient 
translationa! initiation of the corer 3. OBF in transected cells 
is mediated from internal initiation wlow thai may be located 
between nt 583 and 606 (codous B0-&7). 

Secondly? as the region between nt 583 and 606 (eodons 
$Q-B7> contains two ATCs (nt we as- 

sessed the functional importance of these ATGs as initiation 
sites for the translation of the corer i protein in wvo. For tbi* 
nwpoiie, we changed ATG 6 * 8 (85th codon) and ATG** (S7th 
codncO of the diciatronic HCV-1 confiTruct pHPl-1383 simulta- 
neoualy and separately to the non-initiator codon OQG. Muta- 
tion N25 (Fig. 3£) converted both nwtthionUiaa at po*roona S5 
and 87 to glycines, resulting; in pHPMsOi, whereas mutation 
N23 (Fig. 32) altered only Met* 5 and mutation N24 (Fig. 33) 
altered only Met 87 giving- rif« to pHPM^ and pHPl-1400 r 
respectively. The transaction of (A) and Huh-7 (B> 

wUh mutants pOTi-1399 (N23) and pBPI-1400 (N24) yielded 
aixnilar levels of Judferase translation as the wild-type con- 
struct (Fig. 6). la contrast, mutation N26 severely affected the 
production of the chimeric corer l-LUC protein, which was 
about 23ft of the wild-type level m BHK-2I oaUs (rig. fiA> and 
about in Huh-7 (Fig- 6£l These results suggest that the 
two methionines (Met** 5 and Met* 7 J of rh« core+ l-coding region 
are involved in caret- 1 expression, as conversion of both of 
them to glycine significantly reduced the level* of luuiferase 



activity. Interestingly, however, the conversion of each of the 
two metluonineft separately to glycine had no e€&*ct on the 
expression of the core + 1 OBF. 

Finally, to confirm the above data, we compared the size of 
the corer 1-LUC proteins produced in vivo and in p'wro. Talting 
into account tlw above results, we inspected than the protein 
predominantly produced in transfected calls would have a mo- 
lecular mass of about 62 kPa, that U 10 JcDa shorter that the 
72-kOa corer 1-LUC protein synthesized in vino. To test this 
hypothesis, the fRE3-corerl-LUC cassette contained in th« 
dicitftronic construct pHFI-1333 (HCV-1). as well as the corre- 
sponding negative control IBEe^core-l-LUC cassette of pWl- 
1332 wen* transferred into a monocistronk expression vector 
under the control of a CMV promoter, renting in pHPM86^ 
and pHPM363 respectively (Fig- 7A), This system improves 
the detection of the luciferaae protein, as HCV mE$ is more 
active in nmnocistronic constructs. Specifically, the lu^ftera*** 
activity exhibited by th* monocjstronic lB^S-core+1-LUC con- 
struct pHFl-1362 in PHK-21 calk forty-eight hours poswrana- 
faction was about 9-fold higher than that yielded from th* 
dicismwiic nHPM333 (fig- 7*)- Only background levels of 
ludfera&e activity were exhibited from the negative control 
prlFl-1363. Thus, imrnnnnpnscipitation expwimmts were car- 
ried out with extracts of BJJK.-21 cells transfected with pffW- 
1362, using a goat polyclonal antibody raised against lucifer- 
aae. As predicted from our mutational analysis, a protein with 
an apparent molecular mass of around 62 kDa reacted strongly 
with the polyclonal antibody (Fig- 1C, tow 2h This protmn wa* 
dearly smaller than the chimeric corer l-LUC protein pro- 
duced in vitro from the pSPX-1333 construct (Fig. 10, tow 3}. 
No protein was produced by the negative nmrrol pHPH363 
(Fig. 1C, lane 2), These results are consistent with our mu- 
tagenesis data IftgS- 5 and 6) and support the hypotheses that 
un internal translation al initiation situ is being used during the 
poreri synthesis in vivo. 
Overall, these data provide strong evidence that a shorter 



PAGE 55/62 * RCVD AT 115(2004 3:16:58 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1'0 * DNIS:8729306 * CSID:6177424214 * DURATION (mm-ss):28-30 



Jan-05-04 16:40 From-LAHIVE & COCKFIELD, LLP 6177424214 T-222 P. 56/62 F-760 



Expression of the HCV Core+2 OEF 




% % 

5 5 



W*433$ (PHPH342J <pHPVl33& 



(p^!333) 0^H1342) (prf»M332> 



Bab-7 




WT HI MC 

(pMf»M335i (PHPH345) fi»HPH3^ 



{$*1FM3$5) fc*tpM345) «WPM3W) 



CHCV-1 



ID 

# VD 

fc » 



yyy N2i K22 HC 



«r ict lei DC 

<PHPH333) fp>#»H SO) tt*lPW> 



BIIK-21 



+ 



1*9 

5 40 * 

£0 



Hiih-7 



^ N22 nc 



fft N2* N# NC 

^rtfvi33S) epHPnasaj wPFwen wpmsw} 





— 97 












-45 









"97 
-45 



-29 



Fifi. G. tf nfattaoAl «way*w the rare* l-fwdft|& sequcju* of HCV-l aw* HCV-la IH) isolate*. Tfcfc #CY-1 (A awl O ftiri 

iH) tB a«4 £» wild typt w4 wpsctjvety), w»4 mutwted plutttwla (ptiPJ ilHS ft**), -WO OW) f -XSSI iN22)< JMUi 

CNl>, CN21), -397 (N22), itw^c^uvejy) were express*** W (o) tw4 Bub-7 (d) celb or in Fl*m fafcKt reticulocyte tywFt* <ri. 
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Fjg. 6, Effect of mutation* tutting eodOAS ATO*** and of the core* 1-codintf sequence. pupUcaw cloture *f £HK*2j, ca> <m4 

Huh-7 {£) celb ^ere transfccttri with th* diostronic wild-sy|te {pttJPH333> and mmaced cam»tnw; pHPl-lJKtf (N23), pHPI-HPO (N^J, 

and pfiFM*01 (N23), The n>lwve amvity of each mutant vanam estfcuUted aa described iu (be fegtaid of pig, ?. fonr renreoent tbe mown? 
from t*u separate experimental tt&ch carried Out in 4uplicai«, Error bant vn4ic?itc tho S O. WZ\ wUd typb, NC, negative contwl. 



form uf corei-l protein is produced in transfected veils by an 
alternative tr&nslational me chani sm that directs efficient 
translations! initiation from internal codon* withm the 
core + 1-coding sequence, 

DISCUSSION 

In this study, we provide several lines of evidence supporting 
an alternative translation mechanism for the expression of the 
HCV core+l Ofcf in tramrt&cted cell*. This alternative mech- 
anism is predicted to direct the synthesis of a shorter form of 
the ARFP/F/core+ 1 protein, 

First, tb* corerl OftF from both HCV- J. and HCV-la (H) 
isolates is efficiently translated in tr affected cells as shown by 
the high levels of ludmrase activity produced from dicistrnnic 
construct* containing the HCV-1 or HCV- la (H) pore cPNA 
sequence fused with the ludferase gene in the +1 frame. This 
13 in contract to the result? of efxpresSion studies in rabbit 
reticulocyte Jy&ate* (Fig. iCb), which reproducibly failed to 
detect expression of the cnre-cX ORF from the HCV- In (H) 
isolate (9). 

Second, naturally occurring mutations identified within 
codons 9-11 of the core-coding sequent* and Nl9 for 
HCV-l or NI5 and Ni6 for HCV-la (H» in clinical isolates ^om 
cancer p4»"enta had no effect on the translation of the core-hl- 
LUC in tnuostected cells. This indicate* that the expression of 
the core 1 1 ORF is independent on the A-rich nature of codons 
8~Ur the region proposed to he the framesbift rite for the 
wrei-J. translation in vino. |n contrast, these mutations abol- 
ished the production of tb« hybrid protein in rabbit reticulocyte 
lyratott, supporting the critical role of this region forth* in vUro 
production of the AftFP/F/coro+1 protein (pJ6/pV7). 

TOrd. the N3 mutation, which converted the initiator ATG 
codon of the HCV polyproteiu into a stop codon, did not abolish 
the productiqn of the corer VLUC tuwon protein in vivo, indi- 
cating th*t efficient translation initiation of the core+1 GftF 
does not require the polypmtem initiator codon. In contrast, a* 
expected from previous studies, th* some mutation failed to 



initial** the translation of the core* J-J-UC protein in vitro . 

Fourth, further mutational studies suggested that the tr&n$- 
latinnal initiation &m for core 1 1 is located between nt 5S3 and 
60^ within th^ cqre-codine' ^uence, ait the nonsense mutation 
of the *3 rt codon, at ot 472 (mutation Nl) r or of the 7&th codon, 
at nt 580 (mutation of the cont^l ORF did not affect 
corer I-IMC translation, whereas tho nonsense mutation of 
codon 87, at nt 604 (mutation N22), abolished the production of 
the core rl -LUC fusion prot»in (arbitrarily starting measure- 
ment from the GCA alanine codon of thn vore-tl ORF). Addi- 
tionally, we showed that the efficiency of core* I exprea&mn is 
dependent on the presence of ATO 898 or/and ATG**°\ the two 
ATGs contained in the region of nt 583-^06, as mutation N25 f 
which converted both of these ATGs to QQG, reduced core-rl 
e<pression to about 25% of that in the wiJd-typp 

Fifth, immunoprecipitatmn analysis of the chimeric core+1- 
J.UC protein produced in mammalian cells indicated that the 
immunoprecipitated protein was smaller (by about 10 hDn) 
than the core-t-l-LUC hybrid protein produced in vitro (Fig. 7). 

These data suggest that in transfected cell&, efficient trans- 
lation initiation of the corei-l DBF is mediated &um internal 
codon(s) located between nt 583 and 606, wbich may coincide 
with the ATC BM or/and ATQ 60 * of the corer J QRf\ Conse- 
quently, th« predominantwrm of ARPP/F/we-^1 protein pro- 
duced in vivo in these conditions should he smaller than the 
ih7l7-kOa product synthemzedfn vuw, as it is predicted tnfedc 
the first 35 amino acids* Notably, the shorter form of the 
ARFP/F/core t- 1 protem is still a very basic protein {pi- 132) and 
contains one of the two previously predicted hydrophobic do- 
mains in its N-terminal half* 

it should be noted that the production of the ARFEYF/core r X 
protein was not affected by the conversion of only one of the two 
ATGs at positions 598 and 604 of the core^a ORF to GOO 
(mutations N23, N24), whereas it was sigmncantjy ruduced by 
the mutation of both of these ATGs to GGC (mutation N25). 
This suggest* that both ATGs are involved in the initiation of 



a and b , the wqwunent* ww* earned out w Ou pi *«ate and wpeswd »t laast twice . TV relative acqvity of each mutant variant wan d«crnuncd 
aaj^riftwt in the tapm4 uf Fig. 2. Bor* represent thw mem. Em* ixtrs correspond to the SJX c, translatioA nrodueta were aemmteA hv 
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FiG. 7. Exprcrotoi of the ehlmerie 
eore^l-I-UC pn*cu» in tnuwfee*e4 
ccUv. Pan4 A r schematic rcp«?awU*OA 
of tJ» nwoocistronic oonslrucxo pHK- 
{corer Vl^UCj aad pHFM3«3 C«w*- 
X-IXJO- Pan*/ B. duplicate cultures of 
ErTff-?l ccU& wert wansftscwa with tha 
jnunocwtniBii; coie-r*l-l.UC (sowwict 
pRPH3C2 ur the diastrowc «o*a-t- 1-lXFC 
^H»M333 and ti* Native Juc*ftra*e ac- 
nvity was datermwed- *»r* reprB*rat the 
ftom two wparatt roperinwaw- 
Error hart repress the, 5 P- JW C, 
ipimunopr££ipitaUun Of [^Sln^Wjn^ 
labeled irtawd*t»n pTodvtw of 
(^tHVC »»d t-ore-l*LUC cam m fflflg 
nraocwronic construct* from uanwewly 
TTTOBfecwK* cdU ^flinff tin wri- 

|_UC gwt polyclonal wrtibotfer. Uw WJP* 
i»pfecipii«es w«m analyzed by SPS- 
PAGE followed by autoradiography. The 
hybrid core-i-l-LUC protew produced W 
utw i* mariwd by a dot. Tb» arrow 
hw4 *&owa the r»SJn»rtluomi^tabtrJed 
qoite-M-LUC pntf&m «yath^w»d in rab- 
bit n*iculocyie lys*t*». ^ netfatw* 
control. 




cepcC* itc c*r »xa ^h; *v* p*WW* 




iHPrt¥2 




-30 



core* 1 Translation and are ehle t» substitute for each other- It 
is noteworthy that the ATG** and ATG 60 * codons are welj 
conserved among #CV isolates. A coiuparaUve analysis of 117 
HCV core st**ueuee» from the genotypes la, lb, 2k, 3a r ah, 
4a-t 5a, 6a, 64 6e, 6b, and 6*. from the GfinBank™ ^h»»*> 
revealed that 66 variants attain both ATGr" aad ATG , 23 
carry only the ATG«* or the ATG** and & lack both ATG^ 
T^is high kvel of wpaervatiou us wo^stent with these ATCs 
having 3 fractional role during core -r 1 iranslational initiation, 
Notahly, the <Jidstronic constructs ttJCV-1) and 

pHPI 1380 (HCV-la (B», which c*mt*in tfce UJC gene fused in 
the -1 frame of the core-coding sequence «rt nt 630, displayed 
high itsvela of luriftsrase activity when the minator ATG codUm 
of the LUC gene was included (data not shown). exprea- 
sioji was aholiahed only after the eoaveraiw of the ATG start 
codon of IXJC to GGG, This finding suggests that any ATG 
atan codon located in the vichuty of nt 5S3 and 606 is 
fnnctiflnal- 

It should also be emphasized that the «m^mp» of both 
ATGa to OCO did not completely abolish the expression of tie 
cqre-rl-UJC protein (25% of the wild-typo lov«li, which i* 
condiatent with the concomitant expression of the larger 
(U/X7 JcOa) form of the core^t-X protein- Indeed, we have 
preliminary evidence supporting the expression of both forms 
of the ARFF/P/wr#+ 1 protein (data not Shown)- Clearly, how- 
ever, in the condiriouB used in our e*pernn&nT3 translation of 



the coxe+J ORF from internal mitiatioA codons w**s very 
efficient- 

The physiological hnphcationa of these finding* on the ex- 
prewion of carer I in vivo remain to be elucidated- However, 
the short form of the ARFP/FA»ni+l protein is probably syn- 
thesized in conditions that restrict the expression of The viral 
polyprotein, inasmuch as suppression of core expression to the 
presence of mutation N3 ar N6 failed to abolish the production 
of core-t VUJC. This suggest* that the ABFfVF/eore+ 1 protein 
may play a critical role in controllip^ the life *vcle of the virus, 

BN A and to » lesser ertenr D NA vi ruses that are subjecW t« 
genome siz»e constraints have deviled strategies to expand 
their coding capacity, such n» ribosomal franieahilUng and 
internal trnnslattonal initiation. Pifierent wechww that 
allow escape an npstrean> initiator codon and direct ini* 
tiation fttun internal codons have been deiscribed; these include 
crotext^pendent leaky-scanning (13, 17, IS, 1% 20, 21), ribo- 
some shunting (17, 22, S3, 2*. 25, 26, 27) F and BtEfrnwdiaft** 
initiation (28)- The internal initiation of ARFP/F/cnre-r l trans- 
lation in vivo might include fbatnraa of one of these mecha- 
nisms. If the expression of core+1 is indeed mediated by an 
element, this el ement is predated to be a di^reut XRES 
^om that located at the 5<-end of the viral KNA, a* we have 
data suggesting that eorerl translntion in vivo does not r*- 
QUire the HCV iRES (data not shown). 

Thz reason for the divergence between our in vitro and in 
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ntVo results for the principal wtwhaaiam involved in the corei- X 
translation remain* unclear. R^ct^t data have shown that 
another mechanism related to in vivo translational initiation, 
the interaction hetwutn th« cap and po]yi AJ tail of ttukaryqnc 
raRNAs, does not occur in FIw rahbit reticulocyte lyaatea. 
Instead, the njeehanwm operates in a roodiftt*! system fcased pu 
nhowwfrdwpleted rabbit reticulocyte lym*# (2d, 30). Alterna- 
tively, the translation «f the ABPF/F/oare^l protein may be 
regulated by different jrmbamam* depending on th£ cellular 
conditions and the ways in which the translation machinery \& 
modified during HCV infectiun, 

Ackrntol^rrKitfs—Plsumidii path 10/17-38 and path wen* 
<rt>tawi«dfrom th* Cental* for Diaehse Coatrul and foveanon, Hawwial 
Center for Infectious £>U*aaa3 Pbunutl pONA*CX vnu lwndly provi4fl4 
by fir. G Jnchauapo We Thank N. Mictuwlidoii Jar tnweMent techmcal 
8&4*tau«e with usau« culture und our colleague &vm the Molecular 
Viwlojar laboratory for helpful diicusau***. 
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